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The illustration shows air-sampling for fumes and 
gases evolved during welding. These samples will be 
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DUST CONTENT, RADIOLOGY, AND PATHOLOGY IN 
SIMPLE PNEUMOCONIOSIS OF COALWORKERS 


Part I: GENERAL OBSERVATIONS 
BY 
D. RIVERS*, M. E. WISEt, E. J. KING, AND G. NAGELSCHMIDT 


From the Pneumoconiosis Research Unit, Llandough Hospital, Nr. Penarth, Glam., the Postgraduate Medical School 
of London, Ducane Road, London, and the Safety in Mines Research Establishment, Portobello Street, Sheffield 


Lungs from 45 coalworkers with simple pneumoconiosis have been compared with chest films 
obtained within two years of death. The carbon, quartz, mica, and kaolin content of the lungs 
was determined chemically. Large lung sections were used to assess the type and severity of 
emphysema and the presence of fibrous dust nodules. Histological sections were used to grade the 
amounts of reticulin and collagen in the simple dust foci. By using averages of four independent 
readings of each radiograph, subdivisions of the I.L.O. 1950 scale of categories were related to 
amounts of dust in the lungs. 

It was found that the mean weight of total dust in the right lung was: category 0, 4-3 g.; 
category |, 10:5 g.; category 2, 14:5g.; category 3, 26:7 g.; and that the mineral and carbon 
contributed about equally to the radiological changes but, weight for weight, mineral contributed 
about nine times more than carbon. A physical explanation for this is suggested, in terms of 
relative absorptions of x rays by carbon and mineral; the coefficients of absorption of the various 
dust components and “‘wet tissue’’ are compared at various wavelengths, and the effects on the 
radiograph are discussed. An explanation in terms of tissue reaction to dusts was also investigated 
but was not found to be plausible. “Mean ages of dust foci” (periods of dust retention) were 
studied from records of work underground, and compared with the radiological changes, the 
gradings for reticulin and collagen, and the presence of fibrous dust nodules. Observer variability 
in reading the x-ray films was greater when fibrous dust nodules were present. The application 
of the results to the interpretation of studies of progression of simple pneumoconiosis judged 
from the radiograph is described. 


1.0 Introduction This paper describes a study of the radiological 


In the simple form of coalworkers’ pneumo- 
coniosis the chest radiograph shows discrete 
opacities, varying in size from 0-5 to about 5 mm., 
dispersed widely throughout the lung fields. Patho- 
logically the dust is seen to be deposited in discrete 
foci uniformly scattered throughout the lung, and 
the older foci tend to be surrounded by focal 
emphysema. Microscopically the dust foci consist 
of dust-laden phagocytes enmeshed in reticulin 
fibres; in older foci some collagen fibres are also 
present (Heppleston, 1953). Fibrous nodules 
heavily impregnated with coal dust, from 2 to 
10 mm. in size, may also be present (Meersseman, 
1958). 


*Now at the Coventry Laboratory, Coventry and Warwickshire 
Hospital, and in receipt of a research grant from the Medical Research 
Council. 

+Now at the Radiological Protection Service, Clifton Avenue, 
Belmont, Sutton, Surrey 


changes during life of simple pneumoconiosis in 
coalworkers and of the lungs subsequently obtained 
at necropsy. Complicated pneumoconiosis is not 
considered in this paper. 

The main object was to determine quantitatively 
the relationship of radiological and pathological 
features to both the total amount and the com- 
position of dust in the lungs. We also hoped to 
obtain some information about the possible effects 
of age, duration of dust exposure, and duration of 
dust retention on the radiological and pathological 
features of simple pneumoconiosis. The possible 
effects of pathological changes themselves on radio- 
logical appearances were also of interest. 

King and Nagelschmidt (1945), King, Maguire, 
and Nagelschmidt (1956), and Faulds, King, and 
Nagelschmidt (1959) have related content and com- 
position of the dust in the lung to pathology, but 
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satisfactory radiographs were not available in the 
cases they reported. Gough, James, and Went- 
worth (1949) compared radiological and patho- 
logical appearances of the lungs but did not carry 
out any dust analyses. Much previous work on 
heterogeneous groups of lungs variously described 
as “‘silicotic”’ or “‘anthracosilicotic” cannot be 
usefully compared with our own study. 


1.1 Choice of Material 

The bodies of miners coming to routine necropsy 
in hospital may form a biased sample, both patho- 
logically and radiologically, because miners are 
likely to have been more disabled during life than 
the average. To obtain a more representative sam- 
ple we wished to limit our cases to fatalities in pit 
accidents. There are many social and administrative 
difficulties to be surmounted in obtaining such a 
group. Much effort was devoted to collecting the 
material and with some success, but it was clear 
after about two years that it would take too long 
to obtain a sufficiently large group of cases in each 
radiological category. It was, therefore, decided 
to include in this study lungs chosen from cases 
coming to routine necropsy at the Welsh National 
School of Medicine while continuing to collect 
accident cases. The main criteria of choice, apart 
from the availability of recent radiographs, were 
absence of tumour, tuberculosis, and gross dis- 
crepancies between right and left lungs. Examples 
of the various types and severity of emphysema 
were included. 

The group reported here consists of 45 cases, 
13 of which were accident cases, collected between 
the end of 1952 and the end of 1955. A full-sized 
chest radiograph was available for each man taken 
within about two years of death. 


1.2 Techniques 


(a) Pathology.—The left lung was inflated with formol- 
saline for the preparation of a large section (Gough and 
Wentworth, 1949) and the right lung was sliced sagitally. 
The hilar and bronchial lymph nodes of the right lung 
were dissected off, and in some cases were analysed 
separately. 

The large lung sections were used for the assessment 
of the pathological features by two pathologists (W. R. L. 
James and D. Rivers), and the results in Table 1 show 
their final agreed assessment. The severity of emphysema 
was graded as 0, little or no emphysema; 1, moderate 
emphysema; 2, severe emphysema. Observations made 
at the time of the necropsy agreed well with the appear- 
ances seen later in the large sections. Only the appear- 
ances of the large sections were used in the analysis. The 
number of fibrous dust nodules was graded from + to 
++ + by increasing number. 

At least three blocks of tissue from the left, and two 


from the right lung, typical of the whole, were taken 
for histological examination after fixation. One section 
from each block was stained with haematoxylin and 
eosin, its immediate neighbour was stained by a silver 
impregnation technique for reticulin, and the next by 
the Weigert and van Gieson method for collagen. The 
amount of reticulin was graded by the number and 
thickness of the fibres into three grades illustrated in 
Figs. 1-3. Sections representative of each grade were 
selected as standards and used for classifying the sections 
of the remainder of the series. Grade 0, no trace of 
reticulin; Grade 1, reticulinosis showing scanty, fine, 
short, wisp-like fibres; Grade 2 shows a moderate 
number of thicker and longer fibres with numerous 
anastomoses; Grade 3 shows even denser and longer 
fibres with more numerous anastomoses forming an 
almost complete framework of the reticulin. The 
collagen fibres in the dust foci were also graded by 
increasing number from + to +++ +. 

The histological grading of the reticulin was carried 
out independently by the same two pathologists. The 
independent opinions of reticulin grade differed by one 
grade in only two cases (Nos. 2 and 10, Table 1). In 
view of this good agreement one pathologist’s grading 
(D.R.) was used in the analysis of the results. Good 
agreement was also found for independent collagen 
gradings. 


(b) Dust Analysis.—The right lungs (excluding the 
glands) were weighed after drying at 105 C., ground, 
and used for dust analysis. The coal and acid-insoluble 
matter was determined on representative samples of the 
whole dried material; coal by ashing the residue obtained 
by alkali digestion (King and Gilchrist, 1945) and the 
mineral matter by ashing a sample at 380°C. and re- 
moving the endogenous lung salts from the ash by 
extraction with 2N hydrochloric acid (King et al., 1956). 
The total silica was determined chemically on the acid- 
insoluble residue (King, 1939) and its mineral com- 
position by x-ray diffraction technique. The quartz was 
determined on all samples by G-M_ diffractometry 
(Gordon and Harris, 1956). On many samples chemical 
determinations of Al,O,, K,O, and ignition loss were 
made to check the estimates of mica and kaolin obtained 
from x-ray diffraction films. All mineral residues 
contained, apart from quartz, mica as the main con- 
stituent, and kaolin was found in some but not all of the 
samples. The results of the analyses were multiplied by 
the weight of the dried lung to give the total amount of 
dust in the lung. The ratio of coal to the sum of quartz 
and silicates (mica and kaolin) is also given. The 
reproducibility of coal determinations was approximately 
0-2%, when the coal percentage of the dried lung varied 
between 2 and 26 (King and Gilchrist, 1945). Twenty- 
one coal analyses were carried out in parallel in two 
laboratories. The results of one laboratory were con- 
sistently slightly higher; the difference averaged 0-6 g. 
in 100 g. dried lung. After allowing for this bias, the 
standard error of a single determination was 0-36 g. of 
coal in 100 g. of dried lung. In the analyses we have 
used the results of one laboratory only. 

The estimation of the mineral residue is of the same 
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order of accuracy as the coal determinations, and the 
estimation of total silica is reproducible to better than 
1°%. The iron content was determined in a sample of 
the cases. 


(c) Radiographs.—The chest films were read as a 
complete series according to the International Labour 
Office Classification (1950) on two separate occasions, 
and also separately for right and left lungs, by two pairs 
of readers independently. The films were then read once 
by all four readers together to obtain a final agreed 
reading again for each lung separately. The films of 
the routine necropsy cases were rather more difficult to 
read than the accident cases because of complications 
resulting from illnesses. The film readers knew no 
details of the cases. The effect of technique of reading 
on the interpretation of the results is of importance and 
is discussed in Part II. 


(d) Industrial Histories.—The reliability of available 
records was checked by taking account of age of entry 
into the pits, periods of the two world wars, and periods 
of industrial depression. Data on years spent under- 
ground were consistent, but details of occupations 


underground appeared to be unreliable. 


~ 


2.0 Results 


The material consists of lungs of coalworkers 
from 32 routine necropsy cases, and 13 from 
fatalities in pit accidents. Detailed results are 
given in Table 1. They are arranged in order of the 
average reading for the right lung radiograph. 
Since only the right lung was analysed for dust the 
radiological reading of the left lung is not tabulated 
but is discussed in section 6.3. Table 2 shows the 
age distribution of both groups. The pit accident 
cases make up the bulk of the younger men but the 
series as a whole contains more older men. 


2.1 Radiological Categories 

The final agreed reading of the right lungs 
showed 1I7 category 0, nine category |, 10 category 2, 
and nine category 3. The distribution of pit 
accident cases was as follows: Six category 0, 
two category |, four category 2, and one category 3. 
There was disagreement of paired independent 
readings in 27 cases (see Table 1). 


Fic. 1.—Histological section of lung stained by silver impregnation technique for reticulin. Grade 1 reticulinosis ( « 400). 
Fic. 2.—Histological section of lung stained by silver impregnation technique for reticulin. Grade 2 reticulinosis ( « 400). 
Fic. 3.—Histological section of lung stained by silver impregnation technique for reticulin. Grade 3 reticulinosis ( » 400). 


Fic. 1 Fic. 2 Fic. 3 oe 
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TABLE | 
MAIN RESULTS 
Radiological Reading of Right Lung Dust . a 
Expo- No. of Dust in Pathology 
Readers Readers Final sure of ight Lung (g.) 
Case Age Aand B Cand D A d Radio- Years — | - —— - - 
No. (Yr.) Read. 4x logical Under- Sili Coal- | Focal General Fibrous | Reticu- | 
First Second First Second Interval ground Total Coal Quartz Mineral: Emphy- Emphy- lin Gro 
Reading Reading Reading Reading '"® (Yr.)t Tc Ratio sema sema ocules|) Grade rade 
i 60 0 2 19-5 14 14 0-9 0-05 0-47 1-7 
2| $8 0 2 0-2 29 1-7 1:25 0-06 0:39 | 2°8 | 1 2(3) 
3*| $8 0 2 0-5 40 20 1-5 0-05 0-43 | 3-2 2 
4 59 0 2 60 28 2:5 2-0 0-05 0-45 45 1 1 
5 | 58 All Readings 0 0 2 1-0 15 2:5 2-0 0-06 0-45 40 1 0 
6 46 0 2 1-5 14 26 2-0 0-08 0-55 31 0 
7\ 34 0 2 3-25 36 265, 1:8 0-13 0-72 | 2:1 ! ! 
8* 36 0 2 3-0 16 ze 2:3 0-05 0-32 64 0 0 
9* 34 0 2 1-0 17 3-0 26 0-05 0-33 69 1 
10%, 52 0 2 0-75 38 3-1 2:1 0-03 0-95 21 1(0) 
11 56 0 2 84 34 33 27 0-08 0-51 46 1 1 
12¢| 33 1 0 0 0 0 3 0-25 17 5-1 43 0-10 0-74 5-0 1 
13 56 0 1 0 0 0 3 1S 39 61 $1 0-09 0-88 5-2 i 2 1 
14* 45 1 0 0 0 0 3 1-0 30 75 65 0-16 0-82 67 0 0 
15 61 i 1 0 0 0 4 1-75 27 43 3-2 0-15 0-93 30 2 i 
16 61 1 1 0 0 1 4 1.25 38 5:3 45 0-11 0-70 5:5 2 
17 61 i 1 0 0 1 4 9-0 26 75 6-6 0-08 0-96 64 2 2 3 
18 658 0 0 0 4 8-25 36 79 66 0-18 1-09 1 
19* 39 O(A) 0) 0 1 1 a 1-0 23 103 94 0-15 0-75 10-5 l 
1(B) 1) 
20~=o61 1 1 0 0 0 4 19-5 25 142 123 0-28 1:66 63 2 2 
21 38 1 i 1 0 1 5 34 20 11-7 10-6 0-13 0-95 9-7 2 
22*| 49 I(A) 1 0 1 1 54 1-0 35 10-4 90 0-10 1-28 6-6 1 
2(B) } 
23; 57 1 1 6 70 35 5-7 36 0-19 1-93 1-7 
24 55 l | 2 1 1 7 17-0 25 12-0 10-5 0-24 1-26 70 1 l 3 
25 55 I 2 ! 1 1 7 0 35 12-7 11-9 0-08 0-69 15-5 i 
26 54 2 2 0 1 1 7 3-4 29 19-2 | 17-3 0-20 1-70 91 1 I 
27 61 2 2 | I 2 8 94 34 11-3 99 0-33 1-86 45 1 1 1 
28° 35 2 {A)l 1 2 2 84 20 6 10-1 84 0-26 1-48 48 2 
(B)2 
29 «60 2 2 1 2 2 9 0-75 45 5-0 3-2 0-22 1:59 1:8 
30* 41 2 2 i 2 2 9 10 26 149 134 0-22 1:26 | 0 
31* 48 . 2 2 2 2 10 1-0 28 162 138 0:26 2:13 5:8 2 
32. 48 2 2 2 2 2 10 3-5 27 250 230 031 1:73 11-2 1 
33* 54 3 2 2 2 2 11 1-0 40 128 108 0-34 1-68 5-4 0 0 
34S 62 3 3 2 2 11 9-5 38 14-1 11-1 0-41 2:56 37 2 
35 55 3 3 2 2 1-25 32 30-8 29-7 O91 28-0 | 
36 $7 3 3 2 2 3 12 10-8 16 17-0 15-0 0-35 1-69 73 1 1 
37 54 3 3 2 2 3 12 | 34 31:2 | 29-6 0-21 151 18-1 I 
380 50 3 2 3 3 2 13 75 26 45 33 0-18 1-06 26 i 
389 56 3 2 3 3 3 13 2:5 30 18:8 17-9 0-21 1-50 10-0 2 
40 37 3 3 2 3 3 13 1-8 15 279 | 261 0-23 1-59 1-43 1 
41 60 3 2 3 3 3 13 3-0 41 34:3 32:8 0-18 1-32 21-8 1 3 
42 | 70 3 14 0 46 162! 62 1:70 8-32 0-6 2 3 
43* 49 3 14 | 1-5 34 169 15-2 0-10 1-60 89 1 
44 58 All Readings 3 3 14 2:2 aa 33-S | 29-5 0:55 3-48 73 1 3 
45 53 3 14 5-7 28 44-1 39:8 0-65 3-63 93 2 3 
x Average of 4 readings + § (see text) 1 Scanty fibres 
° Pit accident fatalities Reticulin grades y Moderate number of fibres 
Emphysema, Focal and general 1 Moderate 3 Numerous fibres 
2 Severe 
Fibrous dust nodules . Few Collagen grades Scanty fibres 
Moderate number Moderate number 
Numerous 


( 


) 


Individual readings with no agreed reading 


Numerous 
Very numerous 


+ Negative value for interval between end of dust exposure and date of radiograph indicates the period of dust exposure after the date of radiograph. 


TABLE 2 
AGE DISTRIBUTION OF THE 45 CASES 


Cause of Death 


Age Distribution 


40-44 


45-49 50-54 55-59 60-64 65- 
Natural causes 0 2 0 2 6 12 9 1 32 
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2.2 Interval Between the End of Dust 
Exposure and Date of Chest Radiograph 


In 28 of the men dust exposure had ended before 
the date of the chest film, usually within two years, 
but in a few cases this period was much longer, the 
longest being 19-5 years. In the remaining 17 cases 
some dust exposure occurred after the chest film 
had been taken (indicated by a negative sign in 
column 9 of Table 1), but it was a very small 
proportion of the whole exposure. A large error 
in correlating dust in the lungs at death with the 
appearance of the chest radiograph is, therefore, 
very unlikely. 


2.3 Years Underground and Dust Retained 
Most of the men had worked more than 20 years 
and only one man less than 10 years underground. 
There is a surprisingly poor correlation between the 
number of years worked underground and the age 
of the subjects in this group of cases. The wide 
range of time spent underground made it possible 


to compare the average amounts of dust retained in 
the lungs per year for different periods of work. 
The results are shown in Table 3. These rates 
doubled represent approximately the calculated 
annual dust retention in both lungs per man, and 
range from 0-10 to 3-7 g. per year. Although there 
is a slight decrease in the average yearly retention 
of dust with increasing number of years under- 
ground, it is small compared with the wide scatter 
within each group. The distributions of rates of 
retention per year for the four groups are similar. 
These results are in accord with those of King et al. 
(1956) who calculated that the average coalworker 
retained about | g. of dust per year in both lungs. 
Within each age group there is also a wide scatter 
of rates of dust retention but little difference in the 
averages. For the age groups 30-44 and 45-59 years 
the average dust retention per man per year in one 
lung is 0-61 g. and 0°58 g. respectively. Therefore, 
age was not an important variable influencing the 
rate of dust retention in our series. 


TABLE 3 
AVERAGE AMOUNT OF DUST RETAINED IN RIGHT LUNG PER YEAR 


No. of years worked underground 10 10-19 20-29 30-39 40-49 
No. of cases 1 8 14 16 6 
Average amount of dust retained per year (g.) 1-7 0-50 0-51 0-34 0-41 
(Range) (-) (0-1-1:86) (-06-1-58) (-07-0-96) (-05-0-84) 
Fic. 4.~-The total dust content of right lung in relation to agreed 
radiological category. 
2 READINGS 
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2.4 Dust Content of the Lungs and Radiological 
Category 

In Fig. 4 the total dust in the right lung has been 
plotted against the “‘agreed” radiological reading. 
There is a clear increase in the average weight of 
total dust with increasing radiological category, but 
considerable overlapping between the categories. 
Pit accident cases are too few to be treated separately 
but they did not differ strikingly from the remainder. 
The range of dust content for radiological category 0 
is 1-4-14-2 g.; for category 1, 5-3-19-2 g.; for cate- 
gory 2, 4:5-30-8 g.; for category 3, 17-0-44-1 g. of 
dust. The means of each radiological category and 
the ranges are shown in Table 4. Blacklock, 
Kennaway, Lewis, and Urquhart (1954) have 
analysed the lungs of adult town dwellers; the 
largest amount of dust found was 1-33 g. in both 
lungs and the average amount found in one lung 
was0-4g. The average amount of dust in one lung 
of a miner with radiological category 0 (4:3 g.) is 
about 10 times higher. 

The dry weights of the lungs varied from 60 to 
260 g. but the variation was smaller in the pit 
accident cases (80-160 g.). 


2.5. Mineral Content of Dust 


The quartz content of the total lung dust varied 
from to 48%, average 2°8°%, with one ex- 
ceptional value (Case 42) of 10°5°,. It is of interest 
that this case showed no specific (silicotic) patho- 
logical response to this relatively high quartz 
content. The quartz was usually about 4 of the 
silicate mineral content. There was, however, 
considerable variation in the total mineral content 
of the lungs in each radiological category. This is 
seen in the ratio of coal to total siliceous minerals 
listed in Table |. It made possible a more detailed 
analysis of the data, which is given in Part II. 


2.6 Pathology 


(i) Emphysema.—Eight lungs showed moderate 
and four severe focal emphysema in association with 
dust foci. Seven lungs showed moderate general 
vesicular emphysema and three severe emphysema 
of the same type. In four of the latter both focal and 
general vesicular emphysema were present. Table | 
shows that there was a tendency for focal emphysema 
to increase with radiological category and with total 
amount of dust, but the converse was suggested for 
general emphysema, those with little dust showing 
the most general emphysema. In both types of 
emphysema there is a relation to age. The mean 
age of cases without focal emphysema was 50 years; 
for grade 1, 58 years and grade 2, 61 years. The 
corresponding means for general emphysema were 


grade 0, 51 years, grade 1, 56 years, and grade 2, 
59 years. 


(ii) Amount of Reticulin, Collagen, and Fibrous 
Dust Nodules.— Histological sections were available 
from 43 cases. Six showed no reticulin in the dust foci, 
22 were assessed as grade 1, nine as grade 2, and 
six as grade 3. The results of the reticulin grades 
and corresponding collagen gradings are set out in 
Table 5. Half the cases with dust foci of reticulin 
grade 0 showed collagen+; all the reticulin 
grade | cases showed the presence of collagen, about 
a third showing collagen + Again all the cases 
with reticulin grade 2 showed collagen and about 


half of these were collagen +--+; all grade 3 
reticulinoses showed collagen, one showed col- 
lagen ++, three collagen +++, and two col- 


lagen ++ ++. One of these was Case 42 where 
quartz formed 10°5°, of the total lung dust, but 
in the other case (24) there was only 2:0°% quartz. 
There is a definite trend for increase in amount of 
collagen fibres with increasing grade of reticulinosis. 
Study of Table 1, however, does not suggest any 


TABLE 4 
TOTAL DUST IN RIGHT LUNG AND AGREED RADIOLOGICAL CATEGORY OF COALWORKERS 
Agreed radiological categories | 0 1 2 3 Male Town Dwellers* 
Number of cases i 17 9 10 9 26 
Average total dust in right lung (g.) 43 10:5 14-5 26:7 04 
(Range) (1-4-14-2) (5-3-19-2) (4-5-30°8) (17-0-44:1) (0-12-0-66) 


*Calculated from the results of Blacklock ef al. (1954). 


TABLE 5 
RELATION OF COLLAGEN AND RETICULIN GRADINGS 


Reticulin Grade 


Collagen Grade 


No. of Cases 


| 4 
0 3 3 6 
1 - 3 2 7 — 22 
2 2 3 3 - 9 
No. of cases 3 8 16 14 2 43 
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simple correlation between grades of reticulin or 
collagen and any of the basic data. These results 
are considered in greater detail in Part II. 

Fibrous dust nodules are often seen in dusty 
lungs, and were present in 15 cases. They appear to 
occur mainly in those lungs which contain most 
dust but the lung of Case | with only 1-4 g. of total 
dust contained a moderate number of nodules. 
Cases 11 and 15 also contained a few nodules 
despite relatively low dust content and this suggests 
that the nodules are probably not produced by dust 
alone. Infection is considered to be a likely addi- 
tional factor, and, since nodules are more prevalent 
in the apex of the lung, tuberculous infection was 
suspected (Gough, 1947). 

None of the cases showed macro or microscopic 
changes suggesting silicosis. 


Analysis of Results 


3.0 Possible Hypotheses 


In this series of coalworkers’ lungs, tissue reaction 
to the dust was only slight and no case showed a 
silicotic type of reaction. There is abundant evidence 
that coal and silicates are relatively non-fibrogenic 
(Worth and Schiller, 1954) This suggests as a sim- 
ple hypothesis that radiological changes in the chest 
are produced by inert dust and so depend only on the 
amounts of some or all the different dust components 
in the lung. If the tissue reaction to the dusts, al- 
though small, does influence the radiological picture 
and if the reaction is a very slow one, lasting many 
years, the period of retention will also be important: 
on the other hand, if tissue round a particular dust 
focus is formed over, say, one or two years only, 
and no more is formed after that, then the radio- 
logical changes would again depend on total amounts 
of dust and not directly upon periods of retention. 
It is possible, too, that one kind of dust is inert and 
another active. Finally nearly half the cases had 
emphysema and/or nodules and these might affect 
the radiographs. The data provide an opportunity 


of assessing these hypotheses quantitatively. The 
details of this are in Part II. 


3.1 Main Conclusions 


There is a better correlation of radiological 
changes and lung dust content when all independent 
readings for each radiograph are used instead of the 
“agreed” value. 

Contributions to the radiological changes from 
the coal and silicate minerals have to be allowed 
for separately. 

The radiological scale was transformed into a 
more nearly linear one in which equal intervals 
correspond to equal amounts of dust of a given 
composition. One gram of silicates was found to 
contribute about as much to the radiological 
changes as 9 g. coal and an explanation of this 
difference based on unequal absorption of x rays is 
suggested. The possible contribution of the quartz 
content to the radiological changes could not be 
reliably assessed as it was too highly correlated with 
the silicate content. The correlation between radio- 
logical change and dust content is not improved by 
allowing for the period of dust retention in the lung 
and the amount of tissue reaction to this dust. Thus 
it appears that in this type of simple pneumoconiosis 
the radiological changes are due to the amounts of 
coal and silicates in the lung and not to tissue reaction. 

Data on the concentration and size distribution of 
the airborne dust to which the 45 men were exposed 
during their work underground are not known. 
Hence we cannot estimate the proportion of dust 
deposited in the lungs which is permanently retained. 
Our results show wide variation of rates of dust 
retention but provide no evidence on how these 
rates depend on differences in average dust con- 
centration, different abilities to eliminate dust from 
the lungs, or other variables. 

Estimates are given of the rate dust is _per- 
manently retained in the lungs and how this is 
related to the radiological progression of simple 
pneumoconiosis. 


Part Il: DEFAILED ANALYSIS OF THE DATA 


BY 


D. RIVERS and M. E. WISE 


4.0 Comparison of Weight of Dust in Lung with 
Radiological Category 

Of all the variables given in Table 1, the total 

weight of dust seemed to be most closely associated 

with radiological change. The first detailed analysis 

indicated wide variation among individuals com- 


bined with astonishing simplicity in the average be- 
haviour. This is seen as follows: The bottom of 
category 0, although not defined by a standard film, 
corresponds to a lung quite free from dust and can 
reasonably be called zero on a scale x of continuous 
radiological change. The top of category 0, that is 
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the 0-1 boundary, is called x=1; similarly x=2 is 
taken to correspond to the 1-2 boundary and x =3 to 
the 2-3 boundary. Next we assume that the numbers 
of subjects in category 0, 1, 2, and 3 were really 
17, nine ,10, and nine respectively as actually observ- 
ed, even though it is improbable that all films were 
correctly classified. This is reasonable in view of 
other studies of observer error (Wise, in the press) 
which suggests that the number of Os classified as Is 


is nearly compensated for by the number of Is° 


classified as Os; similarly for 1s read as 2s and so on. 

The 45 cases are now arranged in increasing order 
of total dust content. If this is the only variable 
controlling radiological change the 0-1 boundary 
should correspond to a total dust content about 
mid-way between the 17th and 18th cases, the 1-2 
boundary between the 26th and 27th (17 + 9 = 26) 
and the 2-3 boundary between the 36th and 37th 
cases (17 + 9 + 10 = 36). On this basis the three 
radiological category boundaries, x = 1, 2, and 3, 
correspond to 6, 12, and 18 g. of dust in the lungs. 
Thus a plot of dust content against x values is linear 
and passes through the origin. Remembering that 
the scale of x values was defined arbitrarily in terms 
of three standard films (Fletcher and Oldham, 
1951), it suggests that these were well chosen. 

A more refined analysis seems to confirm this 
finding. Two improvements can be made at once. 


The first is to use all four readings of each film and 
not just the agreed reading. Of the 17 agreed to be 
category 0, 11 had been read as 0 all four times. 
There was less dust in these lungs than in any of the 
remaining six, and of the latter the ones read as 
0, 0, 0, and 1 had, on the average, less dust than 
those read as 0, 0, 1, and |. The films read as 
0, 0, 0, and 1 are scored as x = ?; 0,0, 1, and I as 
x = 1: 1,1, 1, and asx = 14 and so on; obviously 
4 has to be added to each average of four categories. 
Each film is thus classified in terms of quarter 
categories instead of whole ones.* This crude 
average yields a surprising amount of information. 
Fig. 5, with averages replacing discrete categories, 
shows a better correlation than Fig. 4, at least at 
the lower end. 


4.1 Distribution of Continuous Radiological Changes 
and Total Weights of Dust 


This concept of averaging regards each reading of 
a film as an attempt to measure a continuous vari- 
able, namely the amount of simple pneumoconiosis. 
The second improvement is to regard the true radio- 
logical changes in the population of 45 as being well 
described by a continuous distribution. The 


*It was more convenient to express the average category values 
as 4x (column 8. Table 1). 


Fic. 5.—The total dust content of the right lung in relation to 
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® indicates Case 38 where lung showed haemosiderosis associated 
4 with mitral stenosis. 
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6Or- FiG. 6.—Histogram of observed proportions of agreed categories, together with (a) smooth 
L probability distribution fitted to the proportions and (b) cumulative probabilities for this iad 
L smooth curve. Estimated proportions of cases having less than any particular fractional 
o°9 value in the x-ray continuum scale (x) can be read off from curve (b). 
z 
OSF 
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X-RAY CATEGORIES 


histogram of frequencies in Fig. 6, showing the 
17, nine, 10, and nine category Os, Is, 2s, and 3s 
respectively, is replaced by the continuous dis- 
tribution (a) and the corresponding cumulative 
proportions by (b), so that we assume, for example, 
that 47°% of this population of 45 have radiological 
changes greater than 1-5 on this continuous scale. 
The mathematical calculations leading to these 
curves are not relevant to the main argument and 
are given in Appendix A; the type of distribution 
chosen was the same as that used to fit distributions 
of categories in populations of faceworkers in single 
pits. It was surprising that it fitted this very 
different population. Any other reasonable choice 
of smooth curve would have yielded distributions 
close to (a) and (b) except for values low in category 0 
and values high in category 3. 

The 45 cases ranked in order of weight of dust 
can now be compared with fractional radiological 
values as well as with category boundaries: for 
example, the weight of dust halfway between the 
18th and the 19th, namely 6°8 g., should correspond 
to the value for 40°, (18/45 = 0-40), i.e., to the 
40th percentile, obtained from curve (b) in Fig. 6. 
A smoothed curve was based on points obtained in 
this way all along the continuum except at its end 
and it is close to the line in Fig. 7. This seems to 
confirm the straight line through the origin. 


4.2 Factors Other than Total Dust Affecting 
Radiological Changes 

Fig. 7 shows that the scatter about this line is 
large. The vertical distances of plotted points 
from the line estimate over- and under-reading 
of average categories compared with values ex- 
pected on the simple total dust hypothesis. The 
fact that the readings cannot be closer than the near- 
est quarter category is not taken into account but 
in many cases the distances are much greater than 
this. The other variables to which the scatter might 
be related are composition of the dust, duration 
of exposure to dust, age of the subject, and patho- 
logical changes, e.g., cases with emphysema were 
thought to be under-read and those with fibrous 
nodules over-read (Gough ef al., 1949). 

Only one of these factors has any obvious 
influence, but its effect proved so large as to invali- 
date the simple hypothesis that only total dust 
changes the radiological picture. This factor was the 
ratio of the coal to the mineral content of the dust. 
Fig. 8 is a plot of this ratio against the estimates of 
over- and under-reading. Clearly over-reading 
tends to go with a high mineral content, i.e. (low 
coal/mineral ratio), and under-reading with a low 
one. The points that are exceptions to this trend were 
not found to be peculiar in other respects such as age, 
years worked underground, or pathological changes. 
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Fitted line to relationship of average radiological category to total dust content of right lung based on assumption that 
radiological changes are due only to total amount of dust in the lung. 
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Fic. 8.—-Over- and under-reading of average radiological category as estimated from Fig. 7 in relation to the ratio of coal to mineral 
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4.3 Components of Dust and Radiological Changes 
The analysis was therefore repeated, treating coal, 
quartz, and siliceous minerals separately. The first 
step was to examine their relative contributions to 
radiological change. It was still assumed that these 
changes depended only on the weights of the com- 
ponent dusts and not on how and when they were 
retained. A linear relationship was fitted to the 
average category (the average of 4 scored as des- 
cribed), so that the predicted value, X, corresponding 
to an observed average x value, is given by:— 
X = bo + + bQQ + BSS ......... 
Here the amounts of dust are C g. of carbon, 
Q g. of quartz and S g. of siliceous minerals and the 
be, bg, and by are the corresponding contributions 
per gram to the radiological changes; bo is the 
amount of change when there is no coal or mineral 
dust. The estimated values are:— 
bo = 0:264; be = 0:057; bg= 2:92; by = 0:29. 
They were obtained by least squares, leaving out 
the extreme cases; the four read as category 3 each 
time (since the upper end of category 3 is unknown) 
and the II cases read as category 0 (since the con- 
clusion that the lower end of category 0 is really at 
zero might now no longer be valid). 
The situation at the lower end is less clear than 
at the upper end. Since on the total dust hypothesis 


Fic. 9.—The plotted points have as 
abscissae the observed average 
radiological categories (X) and 
as ordinates the corresponding 
expected ones (x), from equa- 
tion | as described in Section 4.3, 
allowing for the three dust com- 
ponents separately. The abscis- 
sae are identical with the 
ordinates of Figs. 5 and 7. Com- 
parison of Figs. 7 and 9 shows 
the better correlation of average 
category with dust content 
when composition is allowed for. 
Thecurve represents the adjusted 
radiological scale (x’) in which 
the relationship between amount 
of dust and radiological change 
is more nearly linear. The two 
broken curves possible 
extrapolations. 
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all these films were read “correctly”’ they can supply 
no new information on the effect of composition of 
the dust, but do later help to estimate the “distance 
across category 0”. If some of these || cases con- 
tained so much mineral dust that on the new 
hypothesis their average categories should have been 
greater than 1, this would provide evidence against 
a large contribution to radiological change from 
mineral dust. In fact this is not so, but we shall see 
that other variables that could conceivably be im- 
portant are large in some of these 11 cases, which 
then provide evidence against these variables 
influencing the radiological readings. 

The standard errors of bg and bg are large, but 
the errors in estimating these coefficients are 
negatively correlated, so that the estimate of the 
combined contribution from the quartz and silicate 
content of each lung in the series, namely b)Q +b<,S 
is fairly reliable. In Fig. 9, observed and expected 
values are compared by plotting x (observed) against 
bo + beC + bgQ + bsS (the expected values of 
average category correspond to a 45° straight line 
through the origin). It looks as if the relationship 
is no longer linear, for nearly all the points with 
expected values (of X, according to the amounts of 
the three components of dust) between 4 and 6 have 
observed average categories x less than the ex- 
pected ones, and hence lie above the 45° line. 
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Elsewhere the points lie at random about the line. 

In order to test whether the radiological scale is 
linear now that components of the dust are allowed 
for separately, and if not to replace it by one that 
is linear, we repeat the ranking process described 
in section 4.1. Now, however, the 45 cases are not 
ranked in terms of total dust but according to the 
function of their component dusts defined by 
equation (1). Percentiles on the radiological 
category scale, obtained from curve b in Fig. 6, are 
then compared with those obtained from the rank- 
ings of values given by this equation. The result is 
shown by the smooth curve in Fig. 9; the actual 
scorings for each quarter category are given in 
Table 6. (They are multiplied by 4 to give a 
convenient scale x’.) The radiological change is 
measured on this new adjusted scale x’ in place 
of the previous continuum x scale (details in 
Appendix B); it is more nearly linear in terms of 
amounts of the three dust components. The main 
difference between the continuum and adjusted 
scales is at the lower end; here the smooth curve 
does more nearly go through the discrepant points. 
In terms of the adjusted x’ scale the distance from 
the bottom to the top of category | is about two- 
thirds of that across category 2. This is important 
when estimating radiological progression. The 
linear relationship (equation (1)) has to be recalcula- 
ted with all average category values scored in the 
adjusted scale. Hence it is now a least squares fit 
of the difference between x’ values and their 
expected ones which we shall identify by X’. The 
new estimates with their standard errors are:— 

bo 2:533; be = 0-180 + 0-031; 
bo = 7:29 + 485; by = 0:776 + 0-843. 


The ratios of these values are not so different 
from the previous ones as to necessitate re-ranking 
for the third time. 

The very large value of by, the coefficient for 
quartz, compared with the others raises some 
interesting problems. The standard errors of by 
and bg are very large, but this is mainly because the 
quartz and silicate contents are highly correlated in 
the 29 cases for which these coefficients are cal- 
culated. (Case 38 was removed at this stage since 
further pathological study revealed pulmonary 
haemosiderosis which itself produces radiological 
changes.) The correlation coefficients are:— 


Tos 0-797; = 0-204; = 0-186 
= 0-763; = 0541; = 0-507 

The result is that an error in one direction in bg, 
tends to be compensated by an opposite one in 
bg, so that again the estimate of the combined 
contribution byQ + b,S is much more reliable than 
the separate ones. For estimating expected radio- 
logical change it matters little whether or not we 
separate quartz from silicates. But the underlying 
mechanism of a contribution per gram of quartz 
that is 40 times that of carbon must be very 
different from one in which the contribution from 
both quartz and silicates is, say, only 10 times that 
of carbon. If the very high contribution from quartz 
is real, it must be due to a tissue reaction that, although 
small, changes the radiological picture. If the reaction 
is not progressive it should still be related to the 
reticulin and collagen gradings, whilst if it is pro- 
gressive the period of retention of the dust also 
comes in, as will be seen. 


4.4 Contribution to Radiological Changes Due to 
Carbon and Mineral Content 
If the contributions to radiological change per 
gram from quartz and silicates are really about the 
same, yet considerably larger than that for carbon, 
this could be due to unequal absorption of x rays. 
For the same beam of x rays, the absorptions by 
equal weights of quartz, mica, and kaolin are not 
very different but all are much larger than that for 
carbon. This is considered in detail in section 5.0. 
When quartz and silicates are counted together 
the best (least squares) estimate relating dust 
contents to x-ray changes, measured, of course, in 
the adjusted scale, is 
x’ Bo + BcC + (2) 
where M Q+S 
and Bo 2:31 + 0-734 
Bc 0-19 + 0-028 
Bm 1-76 + 0-43 
The ratio of mineral to carbon contributions per 
gram to radiological changes is now 9-3 to 1; the 
lower 5° confidence limit for this estimate is 5-0 
and the upper one 15-3 (details in Appendix C). 
The mean mineral content for the 29 cases is 
1-563 g., that for carbon 12-51 g.; for a lung with 
these average amounts and a 9-3 to | ratio, slightly 
more than half of the radiological change is due to 
the mineral component. Over the whole series of 


TABLE 6 
VALUES OF ADJUSTED SCALE x’ CORRESPONDING TO QUARTER CATEGORIES OF RADIOLOGICAL CONTINUUM 
SCALE x 
x 0-75 10 1-25 1-5 1-75 20 2-25 2-5 2-75 30 3-25 
x’ 45 5-2 56 60 Tt. 
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cases, however, the carbon content accounts for 
more of the variation in radiological change. 


4.5 Second Comparison of Observed and Expected 
Radiological Readings 

Observed and expected (average) categories, allow- 
ing for carbon and mineral dusts separately, but not 
separating quartz from silicates, are shown in Fig. 10 
in the adjusted radiological scale. The observed ones, 
x’, are plotted against values of 0-19C + 1-76M so 
that expected ones, X’, lie on the 45° line, and 
distances above and below it correspond to over- 
and under-reading and to factors influencing this 
that are still not accounted for. (The 11 cases where 
all readings were zero have also been plotted at 
the x’ values corresponding to their average X’ 
value of 3-68.) These distances, conveniently 
expressed to the nearest whole number as 10 (x’— X’), 
are given in Table 7. They show no systematic 
trend, and from the graph too the relationship 
seems reasonably linear. There appears to be no 
systematic relation to age, years undergound, or 
emphysema. Most of the larger deviations are seen 
to occur in nine cases with fibrous dust nodules. 
Several occurred in cases with both nodules and 
focal emphysema. General emphysema did not 
appear to have influenced the readers. The nine 
cases account for about 65°% of the sum of the 
squares of the residual deviations (P< 0-01): this 
large sum is mainly due to five out of the nine cases. 
When these nine cases were removed from the 
analysis, the values of the coefficients ‘B’ were only 
slightly different. The standard errors were smaller 
but it seemed better not to reanalyse the data on 
the basis of a few exceptional cases. The largest 
unexplained discrepancy is in Case 43. This case 
could not be included in the regression analysis 
since all the radiological readings were category 3. 

The iron content of 13 cases was later estimated 
to see if this was relevant. Case 38, with haemo- 
siderosis, contained over four times the average 
amount of iron in the other 12 cases. But there was 
no evidence in this latter group of any relation 
between iron content and the radiological reading. 

The results as yet are therefore compatible with 
the physical explanation of the radiological changes. 
If the mineral dust also has a biological effect this 
probably depends on the time it has been retained 
in the lung. The periods of dust retention are 
certainly relevant to the amount of reticulin and 
collagen found in the dust foci. 


4.6 Periods of Dust Retention and an Estimate of 
Amount of Progressive Tissue Reaction 

Tissue reaction to dust probably begins as soon as 

the dust is deposited and continues over a long 


ADJUSTED x-Ray CATEGORY (x') 


7 POINTS 


° s 10 


COAL CONTENT 1:76 MINERAL CONTENT (X'—Bo) 


Fic. 10.—Observed values on the adjusted radiological scale (x’) 
compared with the predicted values (X’ B,) obtained from 
equation 2. 


period. The amount of reaction, or possibly the 
chance of any occurring at all, gradually increases 
with time. If it depends both on amount of dust de- 
posited and on time, and the lungs of two subjects 
contain the same amount of dust, more reaction 
should be found in the lung of the subject with the 
longer period of exposure. And if both periods of 
exposure and the amounts of dust are equal, there 
should be less pathological change at the end of 
exposure than say 10 years afterwards. 

The periods of dust exposure were known (from 
the data on periods of years worked underground) 
but nothing was known of the amounts of dust to 
which the cases had been exposed. Furthermore 
it was not known how the rates of retention of dust 
of the individual miners varied within these periods. 
We have therefore assumed that the rate was constant 
for an individual. 

The model assumed then is that each unit of 
dust, when it arrives at its focus of deposition, has 
a fixed probability of starting a reaction by which 
new tissue is formed at a constant rate; this rate 
is proportional to the amount of dust in the focus. 
The total amount of tissue formed during the life 
of an individual is then proportional to the amount 
of dust retained and to the average period of dust 
retention. We shall call this average the “mean 
age of dust foci”. It is best to measure time back- 
wards from the year the man died. If there was 
only one period underground, between T, to T, 
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TABLE 7 
ESTIMATED OVER- OR UNDER-READING OF RADIOGRAPHS IN RELATION TO EMPHYSEMA AND FIBROUS DUST 
NODULES 


Pathology 
No. Value Value Value | X’) Focal Generalized No. of 
Emphysema Emphysema Nodules 

2 3-34 0 0 

1 0 3-40 0 0 

~ 0 3-40 0 0 0 

3 0 3-44 0 0 0 

” 0 3-48 0 0 0 

4 0 3-57 ? 2 0 1 0 

5 0 3-59 0 | 0 

6 0 3-80 0 0 0 
0 3-87 0 

7 0 415 0 1 0 
10 0 444 0 0 0 
16 1 4:59 $-2 4 +6 0 0 0 
12 0 46! 45 3 1 0 0 0 
1S 0 4-82 5-2 4 -4 0 2 
13 0 499 45 3 5 1 2 0 
38 2 $-12 114 13 ( - 63) 0 0 : 
14 0 5:27 45 3 8 0 0 0 
17 1 5-40 $:2 4 2 2 2 0 
19 1 5-68 5-2 4 5 0 0 
18 0 5-80 §-2 4 6 0 0 0 
25 1 §-93 66 i 7 0 0 0 
29 2 611 8-2 9 +21 0 0 0 
21 1 6-23 $6 5 6 0 0 0 
22 1 6-45 58 $j 7 0 0 0 
23 1 673 60 6 7 0 0 0 
24 6-95 66 7 0 
28 2 697 78 8} 8 0 i) 0 
30 2 7-46 8-2 9 7 0 0 0 
33 2 7:92 98 i 19 0 0 : 
27 2 8-05 73 8 7 1 
20 0 8-06 $-2 + 29 2 0 . 
43 3 8-19 12-0 14 38 0 0 0 
39 3 8-72 11-4 13 27 0 0 + 
36 3 8-75 10-6 12 0 
26 8:94 66 7 23 1 0 
31 2 9-14 9-0 10 1 0 0 0 
34 2 9-65 98 11 +2 1 0 + + 
35 2 9-82 98 11 0 0 0 0 
32 2 10-27 90 10 13 0 0 0 
40 3 10-47 11-4 13 9 0 0 0 
37 3 10-96 10-6 12 4 0 0 0 
41 3 11-18 11-4 13 2 1 0 
44 3 15-01 12-0 14 ? 1 0 
45 3 17-40 12-0 14 ? 2 0 
42 3 21-13 12-0 14 ? 2 0 0 
x’ Predicted value of average radiological category (section 4.4). 

2 = Observed value of adjusted average radiological category (section 4.3). 

x Average radiological category + } (section 4.0). 
, J += over-reading. 

10 (x'—X') Estimate of observer variation under-reading. 
< Probable boundaries between radiological categories. 


? Values cannot be estimated. 


Grades of focal and general emphysema and number of fibrous dust nodules as defined in Section 1.2. 


years before death, the “mean age”, assuming 
uniform retention, is 4(T, + T,) = T. If a miner 
spent several periods underground (as with most of 
our cases) the estimate is more complex. We can 
consider, for example, a man who worked under- 
ground between T, and T, years ago, between 
T, and T, years ago, and between T, and T, years 
ago, whilst in between these times he was not 
underground and, we assume, not inhaling coal and 
siliceous mineral dust, as depicted in Fig. 11. We 
assume that the “mean age of dust foci” produced 
between T, and T, is $(T, + T;) and that the 
amount of dust foci is proportional to the length 


of this period, T,— T;. Similarly we have an 

amount T,—T, of “mean age” }$(T, + Ts). 

Thus the overall “mean age of the foci” is :— 

where TG is the number of years underground. 

The dust once deposited in a focus is assumed to 
remain there although a small proportion may be 
removed to the lymph glands in the first few months 
after deposition. Some may also be eliminated via 
the bronchial tree especially when inflammation 
occurs. The lymph nodes analysed in some of the 
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cases contained only a small fraction of the dust in 
the whole lung. 

The rate of retention of dust might, however, be 
far from uniform. How much difference this might 
make is worth investigating in a simple case. 


Suppose there is one period underground, between 
T, and T, years ago, and that the same amount of dust 
is retained either (i) only between T, and 4(T, + T,) 
years ago, or (ii) only between 4(T, + T.) years and 
T. years ago. Obviously the “‘mean ages” of the dust 
foci are decreased in the first case to #T, + }T, and 
increased in the second case to }T, + }#T, years. The 
greatest relative change is for T, = 0, when in the 
first case the “‘mean age”’ is halved. This seems a larger 
error than one would expect to get, yet the variation 
of TM values, i.e., product of mean age of dust foci and 
total mineral dust (Table 8), for the 45 cases is very 
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much larger than this error. A more realistic error of 
50°, in the values corresponds to five to 10 places in the 
ranking of T values, except for extreme values, where 
it is much less. It is worth while studying these estimates 
based on uniform retention of dust even if they are 
subject to a large error. 


4.7 Age of Dust Foci and Radiological 
Changes 
Table 8 (column 5) gives the estimates of mean age 
of dust foci, T, for all subjects; they vary from 8-5 
to 34-0. As high T values were associated with a 
low dust content in some cases and with a high dust 
content in others, it was expected that the effects 
of periods of dust exposure and the amounts of 
dust retained in the lung would be distinguishable. 


TABLE 8 
THE VARIOUS FACTORS INVOLVING TIME 


Radiological 
™ T(C+M) T To Reticulin Collagen | No. of 
Case No. (g. yr.) « Rank Years Years yoy Grade Grade Nodules 
9* 3-25 2 1 8&5 17 3-28 1 
8* 42 2 2 11-5 16 3:20 0 0 
12° 75 3 6 9-0 17 6-44 + + 
2 8-25 2 3 18-5 29 1:70 2 (3) 
6 8-5 2 4 13-5 14 5:10 0 
19* 10-35 4 18 11-5 23 70 1 
3* 10-6 2 5 22:0 40 1:3 2 
4 13-0 2 10 26-0 38 1-6 1 : 
14* 14-7 3 15 15-0 30 47 0 0 
5 14-95 2 29:5 15 41 0 
11 15-9 2 12 27-0 34 2:2 I 
25 16°55 7 30 21-5 35 49 i 
1 17-15 2 7 33-0 14 37 
21 17-3 5 23 16-0 20 93 2 
17-3 13 29 9:5 15 25-9 1 
28* 17-4 84 14 10-0 6 37.0 2 
10* 18-6 2 9 19-0 38 2:7 1 
7 18-7 2 8 22:0 36 24 1 
30* 19-25 9 24 13-0 26 9-4 0 
16 20-25 4 19 25-0 38 29 2 
13 22:8 3 20 23-5 39 5-6 1 
35 23-25 i 42 22-0 32 11-2 1 
22° 24-15 22 35 5-6 1 
38 26-05 13 13 21-0 26 5-2 i 
43* 28-9 14 31 17-0 34 8-2 1 
15 29-0 a 16 27:0 27 44 ! 
17 31-65 4 26 30:5 26 5-7 3 
37 34-4 12 41 20-0 34 12-0 1 : 
18 35-55 a 25 18-0 36 46 1 } 
4) 36°75 13 44 24:5 4) 10-3 3 
39 38-65 13 35 22:5 30 10-1 2 4 
39-1 10 28 28 116 2 
33* 40-4 iW ay 20-0 40 67 0 0 
29 42:55 9 17 23-5 45 40 
32 43-85 10 39 21:5 27 140 1 
24 45-75 7 33 30:5 25 10-8 3 
26 473 7 38 25:0 29 10-9 1 
23 54-05 6 19 aos 35 60 1 
27 59-15 8 32 27-0 34 8-0 1 
20 63-05 a 37 32:5 25 11-0 2 
36 68-95 12 40 340 16 19-2 1 
34 86-15 i 34 29-0 38 9-2 2 
44 88-65 14 43 22-0 44 13-7 3 
45 107-0 14 45 25-0 28 25-7 3 
42 280-55 14 36 28-0 46 29-9 3 
- Fatalities in pit accidents. 
™ Estimated amount of progressive tissue reaction due to total mineral dust. 
T(C + M) Estimated amount of progressive tissue reaction due to total dust. 
x Average radiological category + }. 
T “‘Mean age of dust foci’. 
T6 Number of years man worked underground. 


Reticulin and collagen grades and number of fibrous dust nodules as defined in section 1.2. 
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NN PERIODS OF DUST EXPOSURE 


LJ PERIODS FREE FROM DUST EXPOSURE 
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Fic. 11.—Amount of dust in the lungs, assumed to be retained at a 


constant rate, plotted against time for a miner who was exposed 
to dust fer three separate periods. The estimated amount of 
progressive tissue reaction is the sum of the shaded and unshaded 
areas. (Diagrammatic representation.) 


In Table 8 the cases are ranked in order of the 
product of mean age of dust foci and amount 
of mineral dust, i.e., TM values. These values are 
estimates of progressive tissue reaction if caused by 
mineral dust only. (Similarly TQ is an estimate of 
such tissue reaction if caused by quartz alone. 
These are not given in the table since they are nearly 
proportional to the TM values.) The corresponding 
ranking of product of total dust and mean age of 
dust foci T (C + M) is tabulated. It is clear from 
Table 8 that the product for both mineral dust alone 
and total dust are only slightly correlated with 
average radiological category. 

The radiological changes may still be explained 
in terms of a “mixed” hypothesis, with one con- 
tribution to the changes dependent on the weight 
of coal (carbon) dust independent of time, and 
another due to the product of the quartz component 
and its average period of retention in the lung. 
However, both the total and partial correlations of 
this product with the average radiological category, 
on the adjusted x’ scale, are considerably less than 
those for quartz and minerals alone. The partial 
coefficients allow for the fact that the carbon con- 
tent is correlated both with x’ and the quartz and 
silicate mineral content. The coefficients for quartz, 
Q, and its product with mean age of dust foci, TQ, 


compared with the original ones for quartz and 
total minerals are as below:— 


TOTAL AND PARTIAL oe COEFFICIENTS 
x 


Total Partial 
tx’, M rx’, Q TS |} MC OC | FOC 
0-548 0-541 0-369 0-632 0-609 0-455 


Inclusion of category 0 cases would increase the 
difference between these correlations, for three of the 
11 cases plotted at x = $ have high values of TQ and 
of TM. This evidence strongly suggests that radio- 
logical changes for a given amount and composition 
of dust depend little, if at all, upon the time the dust 
has been retained in the lungs. 


4.8 Reticulin, Collagen, and Fibrous Dust Nodules 


Since the characteristic reaction of the lung to 
dust appears to be the formation of reticulin 
around aggregates of dust-laden phagocytes, we 
expected that the grades of reticulinosis would tend 
to increase both with the amount of dust in the lung 
and with the time the dust had been retained. 
Whilst such a slight trend does exist, the correlation 
is not good and is, in fact, little better than the 
relation to age, total dust or mineral content, or 
with average radiological category. 

Only among the grade 3 reticulins are the mean 
ages of dust foci (T) high, ranging from 22-0-32:5. 
In the other grades there is considerable scatter; 
8-5-29-5 for grade 0, 9-0-34-:0 for grade 1, and 
10-0-32:5 for grade 2. It would appear, therefore, 
that the degree of reticulin reaction depends more 
upon individual response than upon any of the 
factors outlined above. 

A study of the distribution of collagen grade in 
relation to reticulin grade (Table 5) is interesting. 
It is generally believed that collagen is formed by 
maturation of reticulin (Jackson, 1953). If so, we 
expect that maturation would occur earlier the more 
reticulin was present, and therefore that higher 
collagen grades should occur earlier in those lungs 
with higher reticulin grades. This does not seem 
to happen in our group of cases, because within 
each reticulin grade the degree of collagen formation 
is not related to the mean age of dust foci. The 
increase of collagen grade from + to ++ and 
from ++ to + + + occurs at about the same values 
for mean age of dust foci in all reticulin grades; in 
particular there is no sign of a difference between 
reticulin grades 1 and 2. The reticulin Os and 3s 
look different but only because nearly all the 
collagen grades and T values are low for the Os and 
high for the 3s. Thus if our assumptions about the 
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value of T are correct it appears that collagen is not 
necessarily arising from reticulin. 

The lowest collagen grades for both reticulin Is 
and 2s correspond, with one exception, to the lungs 
with the lowest total dust content. Hence there 
may be a threshold of dust content above which 
added dust provides a ‘secondary’ stimulus to 
increase the amount of collagen. Once this occurs 
the progress of collagen development appears to 
be independent of the amount of dust and seems 
to depend both on time and individual response. 
From Table 8 and Fig. 12 we see a definite trend 
of increase in collagen grade with increase in values 
of the product of mean age of dust foci and mineral 
dust content (TM). This trend is independent of the 
reticulin grade. 

The presence of fibrous dust nodules also in- 
creases with TM values (Fig. 13). The lung with 
the most nodules showed almost a complete 
absence of macular dust foci and had a low total 
content, but it contained a moderate amount of 
mineral dust and had a fairly high T value. 

Figs. 12 and 13 also show that there is little or 
no relation between radiological category and 
the presence of either collagen or fibrous dust 
nodules. 
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Unequal Physical Absorption as an Explanation of 
Radiological Changes 
5.0 Difference in Absorption Between Carbon and 
Minerals 

As mentioned in section 4.4, the various com- 
ponents of dust do not absorb x rays equally. 
Are the differences large enough to account for 
about a 9 to I ratio of radiological change per gram 
of quartz and silicates compared with carbon, or 
possibly, a much larger ratio for quartz alone as 
compared with carbon? 

We compared some of the mass absorption co- 
efficients of these dust components. The mass 
absorption coefficient is defined as the relative 
reduction in intensity, per gram of absorbing 
material, in a parallel beam of x rays of unit cross 
section; the absorbing material can be in the form 
of a thin layer or small particles (for full definitions 
see Robertson, 1956). For the wavelengths used in 
chest radiographs only the scatter coefficients o/p 
and the photoelectric coefficients +/p are relevant. 
(In the usual notation, o and 7 are corresponding 
linear absorption coefficients and p is the density. 


The mass absorption coefficient is 


Fic. 12.—Relation of presence of collagen in dust foci to 
average radiological category, mineral content of the 


. + lung, and “‘mean age of dust foci’’. 
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4& = MODERATE NUMBER OF FIBROUS DUST NODULES 


@® = NUMEROUS FIBROUS DUST NODULES 
ae 
e es Fic. 13.—Relation of number of 
fibrous dust nodules in the lung 
e to average x-ray category, 
mineral content of the lung, 
a and “‘mean age of dust foci’. 
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(TM = TOTAL MINERAL CONTENT OF RIGHT LUNG X ‘MEAN AGE OF DUST Foci’ ) 


Tables 9 and 10 give the scatter and photoelectric 
coefficients for various wavelengths (A) of x rays, 
corresponding to photon energies between 5 and 
65 kilo-electron voltages (energy in keV. = 12-4/A). 
The scatter coefficients are almost identical for 
C, O, Al, Si, and K over all this range, and also for 


compounds of these elements. Part of the scattered 
radiation reaches the x-ray film and its main effect 
is to reduce the overall contrast in it. 

For the longer wavelengths the photoelectric 
coefficients are much larger than those for scatter. 
At any one wavelength the photoelectric coefficients 


TABLE 9 . 
ELECTRON SCATTER COEFFICIENTS, op, FOR VARIOUS ELEMENTS 
Element Hydrogen Carbon Oxygen Aluminium Silicon Potassium 
Atomic Weight (A) 1-008 12-01 16-00 26-97 28-06 39-10 
65 keV. (2 = O-191A) 0-390 0-162 0-162 0-156 0-162 0-158 
alp 45 keV. (A = 0-275A) 0-363 0-171 0-172 0-165 0-171 0-167 
em. *g.' 25 keV. (. = 0-496A) 0-340 0-183 0-183 0-176 0-182 0-178 
5 keV. (2 2-479A) 0-321 0-196 0-196 0-189 0-196 0-191 
TABLE 10 
PHOTOELECTRIC MASS ABSORPTION COEFFICIENTS, 7/o, FOR SUBSTANCES IN COALWORKERS’ LUNGS* 
Carbon Kaolin Quartz Mica 
Substance (C) Wet Tissue (H,A1,Si,0,) (Si0,) (KH, A1,(Si0,),) 
Density (p) 13 2-6 26 
65 keV. (A = 0-191A) 0-00744 0-0168 0-0644 0-0758 0-0958 
tip 45 keV. (2 = 0-275A) 0-0226 0-0512 0-1860 0-218 0-273 
cm. 25 keV. (2 = 0-496A) 0-140 0-314 1-049 1-224 1-401 
5 keV. (2 = 2-479A) 18-34 39-65 106-7 122-8 152:3 


*Obtained from Lea’s formulae (see text). 
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for kaolin, quartz, and mica are not very different 
from each other, but all are between six and 13 times 
the value for carbon (Table 10). Hence for a beam 
of x rays containing a substantial proportion of 
radiation with longer wavelengths than say 0-5 
Angstroms the differences at least in the photoelectric 
coefficients are of the right order of magnitude to 
explain a 9 to | ratio of the contributions of the 
minerals and of carbon. 

For the wavelengths used in chest radiographs, 
the mass absorption coefficients depend only upon 
those for atoms, and not on how these atoms are 
combined. Hence the coefficient for a molecule is 
the average of those for its atoms, weighted by 
their number and (atomic) weights, or in other 
words, by the percentage composition by weight. 

The photoelectric coefficients were calculated 
from Lea’s (1955) formula:— 


z/p Ap/A 


Here z is the atomic number, A the atomic 
weight, and A the wavelength in Angstréms. The 
power p is 3-05 for H, C, N, and O and 2:85 for 
Si, K, and Al. Lea also gives an expression for 
“wet tissue” :— 


= 2:26 + 0-27A2-85 


corresponding to the following percentage com- 
position by weight :— 


H 10, C12, N4, 073, Na0-1, Mg0-04, P 0-2, 
$02, ClO-1, K 0:35, Ca0-01. 


5.1 Influence of Electron Voltage of the x rays 
on their Absorption 

The absolute values of the photoelectric ab- 
sorption coefficients (Table 10) obviously in- 
crease very rapidly with the wavelengths of 
the radiations, that is when the kiloelectron voltage 
decreases. For all the radiographs the radia- 
tion was a mixed one and the distribution of 
wavelengths was known to be about the same for 
about half of them. These were the films taken by 
one x-ray unit. We could not find in the analysis 
any differences other than random ones between 
these films and the rest. The tube potential at which 
these films were taken was 65 kV. This gives the 
highest energy (65 keV) of an electron in the 
primary beam, and hence the highest possible 
energy of a photon in the beam of x rays. Most 
of these x rays have electron voltages between about 
a third and two-thirds of this (Robertson, 1956). 

Some of the “softer” radiation, i.e., of low 
penetrating power and longer wavelengths, is 
absorbed by the skin and subcutaneous tissue as 
well as by air molecules in front of the chest. (The 


amount of absorption by air molecules in the lung 
is negligible because the density of air is so low 
compared with that of tissue and coal.) 

However, the softer components are very im- 
portant. For the amounts of dust in these miners’ 
lungs probably no more than 0:1 g. is in the path of 
1 sq. cm. cross section so that only a little of the 
harder radiation is either absorbed or scattered by 
the dust and almost none is absorbed by the carbon. 
The optimal distribution of wavelengths for pro- 
ducing a satisfactory chest radiograph has, of course, 
been found empirically by skilful radiographic 
technique. Clarke (1959) has found that he can 
produce large changes in radiographs merely by 
filtering out some of the longer wavelengths. 
Further experiments on these lines may well provide 
information on the amount of highly absorbing 
dust present in a particular lung. 

At all wavelengths much more energy is absorbed 
by wet tissue than by either carbon or quartz or 
silicate dust. The radio-opacities more likely 
correspond to parts of the x-ray beam that have 
passed through tissue and a number of dust foci, 
whereas other parts of the beam have passed 
through tissue only. 

Iron has a mass absorption coefficient about 
100 times that of carbon but the radiological 
readings were not in general related to the iron 
content of the lung. This is probably explained by 
most of the iron being present originally as haemo- 
globin and hence not localized in foci. An ex- 
ception is Case 38 with haemosiderosis where the 
iron was present in and near the dust foci. This could 
account for the gross “over” reading of this case. 
Such focal deposition of haemosiderin has been 
well illustrated by the work of Magarey (1951) on 
experimental haemosiderosis. 


Applications of Results of Analysis 


6.0 Amount of Dust in Relation to Radiological 
Progression 

On the basis of the analysis in this paper, 
radiological progression can be estimated in 
terms of definite weights of dust. A suitable unit 
to take for progression is the distance from the 
lower to the upper end of category 1, i.e., 2:1 units 
on the x’ scale of Fig. 9 (also Tables 6, 7, and 8). 
If, for example, there is about 19 times as much 
coal as siliceous mineral, then from equation (2) 
this unit is 7-82 g.: for a mixed dust with 60° coal 
and 40°, siliceous mineral the unit is 2-57 g. From 
Table 6 the distance across category 2 corresponds 
to 1-57 times as much dust. 

The breadth of category 0 in relation to pro- 
gression is more difficult to estimate. No dust 
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(TM = TOTAL MINERAL CONTENT OF RIGHT LUNG x ‘MEAN AGE OF DUST Foci’ ) 


Tables 9 and 10 give the scatter and photoelectric 
coefficients for various wavelengths (A) of x rays, 
corresponding to photon energies between 5 and 
65 kilo-electron voltages (energy in keV. = 12-4/A). 
The scatter coefficients are almost identical for 
C, O, Al, Si, and K over all this range, and also for 


compounds of these elements. Part of the scattered 
radiation reaches the x-ray film and its main effect 
is to reduce the overall contrast in it. 

For the longer wavelengths the photoelectric 
coefficients are much larger than those for scatter. 
At any one wavelength the photoelectric coefficients 


TABLE 9 
ELECTRON SCATTER COEFFICIENTS, ¢/p, FOR VARIOUS ELEMENTS 


Element Hydrogen Carbon Oxygen Aluminium Silicon Potassium 
Atomic Weight (A) 1-008 12-01 1600 | 297 2806 39-10 
65 keV. (A 0-191A) 0-390 0-162 0-162 0-156 0-162 0-158 
a/p 45 keV. (. 0-275A) 0-363 0-171 0-172 0-165 0-171 0-167 
cm. *g.~! 25 keV. (1 0-496A) 0-340 0-183 0-183 0-176 0-182 0-178 
5 keV. 2 479A) 0-321 0-196 0-196 0-189 0-196 { 0-191 

TABLE 10 


PHOTOELECTRIC MASS ABSORPTION COEFFICIENTS, t/p, FOR SUBSTANCES IN COALWORKERS’ LUNGS* 


Carbon . Kaolin Quartz Mica 
Substance (C) (H,A1,Si20,) (Si0,) (KH,A1,(Si0,),) 
Density () 13 2-6 26 
65 keV. = 0- 191A) 0-00744 0-0168 00644 0-0758 0-0958 
tip 45 keV. (A = 0-275A) 0-0226 0-0512 0:1860 0-218 0-273 
cm. *g.~' 25 keV. (2 = 0-496A) 0-140 0-314 1-049 1-224 1-401 
5 keV. (A = 2-479A) 18-34 39-65 106:7 122:8 152-3 


*Obtained from Lea's formulae (see text). 
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for kaolin, quartz, and mica are not very different 
from each other, but all are between six and 13 times 
the value for carbon (Table 10). Hence for a beam 
of x rays containing a substantial proportion of 
radiation with longer wavelengths than say 0-5 
Angstroms the differences at least in the photoelectric 
coefficients are of the right order of magnitude to 
explain a 9 to | ratio of the contributions of the 
minera!s and of carbon. 

For the wavelengths used in chest radiographs, 
the mass absorption coefficients depend only upon 
those for atoms, and not on how these atoms are 
combined. Hence the coefficient for a molecule is 
the average of those for its atoms, weighted by 
their number and (atomic) weights, or in other 
words, by the percentage composition by weight. 

The photoelectric coefficients were calculated 
from Lea’s (1955) formula:— 


z/p = 0-0089z4 Ap/A 


Here z is the atomic number, A the atomic 
weight, and A the wavelength in Angstréms. The 
power p is 3-05 for H, C, N, and O and 2-85 for 
Si, K, and Al. Lea also gives an expression for 
tissue” :— 


= 2:26 + 0-27A2-85 


corresponding to the following percentage com- 
position by weight :— 


H 10, C12, N4, 073, Na0-1, Mg 0-04, 
$02, ClO-1, K 0:35, Ca0-01. 


5.1 Influence of Electron Voltage of the x rays 
on their Absorption 

The absolute values of the photoelectric ab- 
sorption coefficients (Table 10) obviously in- 
crease very rapidly with the wavelengths of 
the radiations, that is when the kiloelectron voltage 
decreases. For all the radiographs the radia- 
tion was a mixed one and the distribution of 
wavelengths was known to be about the same for 
about half of them. These were the films taken by 
one x-ray unit. We could not find in the analysis 
any differences other than random ones between 
these films and the rest. The tube potential at which 
these films were taken was 65 kV. This gives the 
highest energy (65 keV) of an electron in the 
primary beam, and hence the highest possible 
energy of a photon in the beam of x rays. Most 
of these x rays have electron voltages between about 
a third and two-thirds of this (Robertson, 1956). 

Some of the “softer” radiation, i.e., of low 
penetrating power and longer wavelengths, is 
absorbed by the skin and subcutaneous tissue as 
well as by air molecules in front of the chest. (The 


amount of absorption by air molecules in the lung 
is negligible because the density of air is so low 
compared with that of tissue and coal.) 

However, the softer components are very im- 
portant. For the amounts of dust in these miners’ 
lungs probably no more than 0-1 g. is in the path of 
1 sq. cm. cross section so that only a little of the 
harder radiation is either absorbed or scattered by 
the dust and almost none is absorbed by the carbon. 
The optimal distribution of wavelengths for pro- 
ducing a satisfactory chest radiograph has, of course, 
been found empirically by skilful radiographic 
technique. Clarke (1959) has found that he can 
produce large changes in radiographs merely by 
filtering out some of the longer wavelengths. 
Further experiments on these lines may well provide 
information on the amount of highly absorbing 
dust present in a particular lung. 

At all wavelengths much more energy is absorbed 
by wet tissue than by either carbon or quartz or 
silicate dust. The radio-opacities more likely 
correspond to parts of the x-ray beam that have 
passed through tissue and a number of dust foci, 
whereas other parts of the beam have passed 
through tissue only. 

Iron has a mass absorption coefficient about 
100 times that of carbon but the radiological 
readings were not in general related to the iron 
content of the lung. This is probably explained by 
most of the iron being present originally as haemo- 
globin and hence not localized in foci. An ex- 
ception is Case 38 with haemosiderosis where the 
iron was present in and near the dust foci. This could 
account for the gross “over” reading of this case. 
Such focal deposition of haemosiderin has been 
well illustrated by the work of Magarey (1951) on 
experimental haemosiderosis. 


Applications of Results of Analysis 
6.0 Amount of Dust in Relation to Radiological 
Progression 

On the basis of the analysis in this paper, 
radiological progression can be estimated in 
terms of definite weights of dust. A suitable unit 
to take for progression is the distance from the 
lower to the upper end of category 1, i.e., 2-1 units 
on the x’ scale of Fig. 9 (also Tables 6, 7, and 8). 
If, for example, there is about 19 times as much 
coal as siliceous mineral, then from equation (2) 
this unit is 7-82 g.: for a mixed dust with 60°% coal 
and 40%, siliceous mineral the unit is 2°57 g. From 
Table 6 the distance across category 2 corresponds 
to 1-57 times as much dust. 

The breadth of category 0 in relation to pro- 
gression is more difficult to estimate. No dust 
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(C=Q=S=O) corresponds to X’ = 2:31. This 
estimate is not reliable as it depends on an extra- 
polation. On the category scale it corresponds to 
x values between 0-30 and 0-35. This is plausible if 
we regard x = 0 as the only possible category in the 
lung without dust; the difference corresponds to dust 
in the lungs of a non-miner. The change between 
x = 0:3 and x = | is about equal to that between 
x = 2 and x = 3. 


6.1 Estimation of Rate of Radiological 
Progression 

The zero value (Bo) can be used to esti- 
mate the progression per year underground through- 
out the working life of each miner. The breadth 
of category | in the adjusted radiological (x) scale 
(the difference between x’ = 5:2 and x’ = 7:3) 
provides a suitable unit to measure progression in 
amount of simple pneumoconiosis. The expression 
100 (X’ — 2:31)/2:1Tg gives the rate of progression 
in percentage of the breadth of category 1. Esti- 
mates of rates of progression calculated in this way 
for the 45 cases are given in Tables 8 and 11 and 
they are seen to vary considerably, and about equally 
for routine necropsy cases and pit accidents. There 
appears to be no systematic increase of rate of pro- 
gression in relation to values of mean age of dust 
foci (T) or number of years worked underground 
(Tg). Such an increase would have been expected 
if most of the pits in which the men had worked 
had become progressively less dusty over the last 
30 or 40 years. The results show that if any 
increase in rate of progression exists it is masked 
by large random variations. These could be due to 
variable dust exposures of individuals or to different 
individual capacities to eliminate dust from the 
lungs, or to a combination of both these factors. 
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6.2 Observer Variation and Agreed Radiological 
Readings 

A detailed analysis of observer variation will 
not be given here but a few points are worth 
making. The standard error of the mean of four 
observations is about 0-6 of the distance across 
category | for the 29 cases. This is larger than has 
been found in general for single observers reading 
films from any one pit (Wise, in the press). How- 
ever, this 0-6 includes the rounding off error to 
the nearest quarter category. In fact observer 
variation of the readers’ averaged opinion was 
within half a category in almost three-quarters of 
the cases, as can be verified by comparing the x’ 
and X’ values with corresponding x values in 
Table 7, although the films of many of the cases had 
been found difficult to read. 

It is worth considering whether inclusion of the 
agreed reading would have been more accurate. 
What this agreed reading should have been is 
suggested by the X’ column in Table 7; the arrows 
mark the estimated category boundaries. 

Table 12 shows a comparison of the final agreed 
radiological category with the “true” category 
(according to its X’ value) in the 14 cases in which 
there was no clear majority opinion in favour of a 
particular category. The agreed readings seemed 
to be “right” in eight and “wrong” in the other six 
cases. Only one of the “wrong” cases was close to a 
category boundary, but several of the “right” 
ones were. The agreed readings seem to represent 
a random choice between two adjacent categories. 


6.3 Differences between Radiological Readings of 
Right and Left Lungs 

One cannot simply assume that the left and 

the right lungs of one man _ contain equal 


TABLE 11 
FREQUENCY DISTRIBUTION OF ESTIMATED PROGRESSION* PER YEAR UNDERGROUND 


1-0-1-9 


Rate of Progression ( °%) 20-39 8-0-15-9 16-0-31-9 >32 
Routine necropsy cases 2 | 10 12 4 
Pit accident cases } 3 3 0 1 

*Progression in % breadth of Category 1. 
TABLE 12 
True Category According to X’ Value with No Number of Cases “Agreed” to be Total 
Clear Majority Opinion (of 3 to 1) or more 0 i > = 3 ota 
1 3 1 5 
2 1 6 
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amounts of dust. In 32 of our cases the radio- 
logical readings for the right and left lungs were 
identical but in the remaining 13 cases, with 
only one exception, the sum of the four readings for 
the right lung was higher than that for the left. 
For the 29 cases used for the main analysis the 
mean x’ value for the right lungs is 7-45 and that 
for the left lungs is 7-08, i.e., 0-37 less. In terms of 
amount of dust this difference in mean x’ values 
amounts to 7:3% of the weight of the dust in the 
(0:37 100 | 
| 7-45 — 2-31 f° 
0-37 also amounts to 18° of the quantity of dust 
which corresponds to the distance across category 1, 
0-37 100 
| 2a f 
rather crude but the order of magnitude is probably 
correct. 


right lung This difference of 


These estimates are, of course, 


Comment 

This work provides the first quantitative evidence 
on how radiological changes are related to dust in 
the lungs of coalworkers with simple pneumo- 
coniosis. The “I.L.0. Conference of Experts in 
Pneumoconiosis” (1950) recommended that simple 
pneumoconiosis be defined only in terms of radio- 
logical change and not on the amount of dust found 
in the lungs at necropsy. A reliable interpretation 
of the radiological changes during life in terms of 
amounts of various components of dust in the lungs 
may become possible with new _ radiographic 
techniques. 

The working assumption that the amount of 
radiological change depends only upon the total 
weight of dust in the lungs was not confirmed by our 
results. Our evidence suggests a high contribution 
from the mineral dust for which there is a reasonable 
but by no means certain physical explanation. 
A biological explanation is inconsistent with the low 
grade tissue reaction to the dust and the poor 
correlation of periods of dust retention with radio- 
logical change. In any case composition must be 
allowed for in sampling respirable dusts in mines. 
A particular value in the radiological scale (x) does 
not correspond to a definite amount of dust in the 
lung unless its composition is known. Also the risk 
of developing progressive massive fibrosis might 
depend on one component of the dust more than 
another, as suggested by King ef al. (1956). 

Our findings have been applied to Pneumo- 
coniosis Research Unit studies of radiological pro- 
gression of faceworkers in single pits (the results will 
be published separately), and they should also be of 
value in the large-scale field investigations of the 
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National Coal Board now in progress (Fay and Rae, 
1959). 

The view that collagen is formed from reticulin 
does not fit the relationship of such tissue reactions 
in miners’ lungs to our estimates of ““mean age of 
dust foci”. The reactions probably occur extremely 
slowly so that they should provide promising 
material for further study of the nature of 
fibrogenesis. 

The estimates of “‘mean age of dust foci” are 
unavoidably crude but the errors are probably small 
compared with the very large variations of these 
estimates within the 45 cases. Similarly it was 
fortunate that both the totals and relative amounts 
of coal (carbon) and mineral dusts varied so widely. 
Thus this small number of cases, despite the many 
pathological features not necessarily related to dust, 
provided far more information on the separate 
effects of coal and mineral dust than perhaps several 
hundred cases in a more uniform group. We expect 
to improve all the quantitative estimates on a larger 
and equally varied series. 


This kind of study is only possible with a great deal of 
help and cooperation from others. Professor J. Gough 
gave us free access to the routine necropsy material at 
the Institute of Pathology of the Welsh National School 
of Medicine. Drs. T. H. Jenkins, C. E. Saunders, and 
T. D. Spencer of the National Coal Board Medical 
Service arranged for one of us (D.R.) to be informed of 
fatalities in pit accidents in their regions and also supplied 
industrial histories. Drs. R. A. C. Macnair, G. B. 
Murray, and R. W. Thomas provided a substantial 
number of chest radiographs as well as industrial 
histories. Mr. W. G. Clarke, Professor A. L. Cochrane, 
Drs. J. C. Gilson, and W. E. Miall read the radiographs. 
The figures were drawn by Mr. W. H. Roberts, and the 
photomicrographs were by Mr. T. J. H. Cooke. 
Secretarial help was given by Mrs. F. E. Willson. 
Dr. J. C. Gilson, Mrs. M. McDermott, and Mr. P. D. 
Oldham gave valuable advice and criticism in the 
preparation of this paper. To all these we are extremely 
grateful. 

Finally, we wish to thank the relatives of miners killed 
in pit accidents for their understanding in granting 
permission for a post-mortem examination. 


APPENDIX A 


The Continuous Function Fitted to the Distribution of 
Agreed Readings of Radiological Categories 

As stated in Section 4.1, Fig. 6 is based on the idea 

that radiological change is a continuous variable, and 

that for populations of faceworkers in any one pit at 

any one time its distribution is normal on a new scale y. 

The relation between y and x is:— 
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x = 0 corresponds to y= —», x=1 to y=1l, 
x 2 to y = 19375, x 3 to y = 3-2222. It is 
clear in Fig. 6 how close the fitted accumulated 
percentages are to the observed ones. The mean of 
y = § = 1-60, and the standard deviation o = 1-9477. 

The values of x in terms of y can easily be obtained 
by rewriting (1) as 

2 log. x = sinh! (2y — 2) 
The calculated ordinates of Fig. 6 are values of: 


dt dy 
¢ (t) (x + x74)/2¢ 


where 
t= (y — and ¢$(t) = exp 


The accumulated probabilities can of course be obtained 
by finding y, then f, and then 4(t) from tables of the 
normal probability integral. 


APPENDIX B 


Note on the Method of Obtaining the Adjusted Radiological 
Scale (x’) 

The method of obtaining the x’ scale is an unusual 
one improvised to meet an unusual difficulty. We 
needed a quantitative analysis without knowing what 
half of our quantities were, namely those depending on 
breadths of categories in the (original) radiological 
scale. The ranking method uses all the observed results, 
but has the disadvantage that random fluctuations in the 
results produce non-random ones in the relation of x’ 
to x. Hence deviations, from a smooth curve, of adjacent 
points are correlated. For this reason there is no 
advantage in comparing too many of the percen- 
tiles. 

The second comparison of percentiles (in Fig. 6, 
curve b) with ranked values of X = bcC + boQ + bgS 
was done in a slightly different way. “The pent three 
values of X were averaged, then the 4th, 5th and 6th, and 
the 7th to 9th, and so on. These were paired with 
the 15 percentiles 100/30, 30030, 500/30,—up to 
2900/30. 

The 45 cases were actually ranked a third time, in 
terms of values of Bp + BCC + ByM, i.e., of X’, as 
shown in Table 7, and these rankings too were compared 
with percentiles. This suggested that the scale was not 
perfectly linear but no large or systematic deviations 
were found. 


APPENDIX C 

Probable (confidence) limits for ratio of contributions per 

gram to Radiological Change from Mineral and Carbon. 

These limits were obtained from Fieller’s theorem 
(Fieller, 1944). If the “sample” ratio By/Bc is written 
as / and the true ratio By) 8c as A, then we consider the 
distribution of 

z= Bu — Bc 


about its true mean By — Afc. The distribution of 
z/V/var z is that of Student’s 7, with n—3 degrees of 
freedom corresponding to the n pairs of observations 
from which the estimates Bop, By and Bc are obtained. 
We can then write 


Tn- 
(/— A) Bc/{ var By — 2A COV (By, Be) + var Bc }}. 
In our particular case var Be 0-0007956; 
cov Bc, By = — 0002461; var By = 018731. The 


negative covariance arises from the positive correlation 
of C with M. Fortunately this correlation is not too large. 
The larger it is, of course, the larger is — 2A cov By, Bc 
which widens the probable limits of A given /. For this 
reason the estimate of ba/bg cannot at present be usefully 
given. If A = 1, ¢ = — 3-574, witha probability of 0-0008 
of being exceeded. 
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PNEUMOCONIOSIS IN MAKERS OF ARTIFICIAL 
GRINDING WHEELS, INCLUDING A CASE 
OF CAPLAN’S SYNDROME* 


BY 
E. POSNER 
From the Stoke-on-Trent Mass Radiography Centre 


(RECEIVED FOR PUBLICATION NOVEMBER 3, 1959) 


Mass miniature radiography surveys in a factory producing artificial grinding wheels detected 
cases of pneumoconiosis, mostly of the silicotic type. All cases were traced to the department 
where the so-called “bond” is prepared and mixed with the abrasive grains of carborundum and 
artificial corundum. This ceramic-vitrified bond, similar in composition to English general 
earthenware, contained until recently a significant proportion of free silica. 

The miniature film survey was followed up by an investigation on full-sized films, in which 
92° of all workers in the bond department participated. The radiographs were subjected to 
dual independent viewing and it was found that 66% of the men who had worked in the bond 
department for more than 10 years showed radiological evidence of pneumoconiosis with a high 
proportion of progressive massive fibrosis (P.M.F.) 

Recently the amount of free silica in the ceramic bond has been reduced by the introduction 
of “‘frits’’ in place of powdered flint and part of the factory has been rebuilt and new methods 
of dust suppression and dust extraction have been introduced. One of the cases presented with 
the rheumatoid-pneumoconiotic syndrome, first described by Caplan. 

It is suggested that some of the cases of pneumoconiosis, attributed to carborundum, may be 


due te the binding materials of artificial grinding wheels. 


Pneumoconiosis in Users of Grinding Wheels 

Until the third decade of this century the mor- 
tality rates of cutlery and metal grinders generally, 
and particularly those from tuberculosis, interstitial 
pneumonia, and other respiratory disease, ranked 
among the highest of all occupational groups. 
Between 1880 and 1910, for instance, the com- 
parative mortality figures for “phthisis” in grinders 
averaged 450 (Registrar General, 1908, 1914) and 
in 1921 the standardized mortality rate from 
tuberculosis in metal grinders was 1,200 and that 
for all other respiratory disease 640 (Britten, 1928). 
Thus, almost 100 years after Holland (1843) had 
stated that “fork grinding is the most destructive 
occupation to human life’’, silicosis and tuberculosis 
still killed many highly skilled craftsmen in the 
prime of life. By 1931 the standardized mortality 
rate for tuberculosis in grinders had fallen to 275 
(Registrar General, 1936), but investigations by 
Turner and Martin (1949) in Sheffield and by 


*Based on a paper read to the annual meeting of the British 
Tuberculosis Association at Cambridge, July, 1959. 


Meiklejohn (1949) in the Black Country provided 
further evidence of the high morbidity and mortality 
from respiratory disease in metal and cutlery 
grinders, who used natural sandstone wheels. 

For the past 20 years, however, the number of 
deaths from silicosis and tuberculosis in grinders 
has been steadily falling (Chief Inspector of Fac- 
tories, 1927-57) and the reports of the Ministry 
of National Insurance (1952-57) show now only 
an average of six new cases each year. 

This remarkable change is due to the substitution 
of artificial grinding tools for natural sandstone 
wheels (Hunter, 1955). 

New artificial abrasives were invented in the 
United States towards the end of the last century 
and have replaced sandstone for grinding processes 
since the end of the first world war on an increasing 
scale. In 1926, for instance, there were still 1,600 
sandstone wheels in Sheffield, in 1933 only 200 
(Chief Inspector of Factories, 1936). 

The most commonly used artificial abrasives in 
grinding wheels are carborundum (silicon carbide) 
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x = 0 corresponds to y= —x, x=1 to y=1, 
x 2 to y = 19375, x 3 to y 3-2222. It is 
clear in Fig. 6 how close the fitted accumulated 
percentages are to the observed ones. The mean of 
y = § = 1-60, and the standard deviation o = 1-9477. 

The values of x in terms of y can easily be obtained 
by rewriting (1) as 

2 log. x = sinh~! (2y — 2) 


The calculated ordinates of Fig. 6 are values of: 
dt dy _ 
¢(t) (x + x4)/2¢ 

h 
wnere — and $ (0) = exp 


The accumulated probabilities can of course be obtained 


by finding y, then rt, and then ¢(r) from tables of the 
normal probability integral. 


APPENDIX B 


Note on the Method of Obtaining the Adjusted Radiological 
Scale (x’) 

The method of obtaining the x’ scale is an unusual 
one improvised to meet an unusual difficulty. We 
needed a quantitative analysis without knowing what 
half of our quantities were, namely those depending on 
breadths of categories in the (original) radiological 
scale. The ranking method uses all the observed results, 
but has the disadvantage that random fluctuations in the 
results produce non-random ones in the relation of x’ 
to x. Hence deviations, from a smooth curve, of adjacent 
points are correlated. For this reason there is no 
advantage in comparing too many of the percen- 
tiles. 

The second comparison of percentiles (in Fig. 6, 
curve b) with ranked values of X = bcC + bgQ + bgS 
was done in a slightly different way. The lowest three 
values of X were averaged, then the 4th, 5th and 6th, and 
the 7th to 9th, and so on. These were paired with 
the 15 percentiles 100/30, 300/30, 500/30,—up to 
2900/30. 

The 45 cases were actually ranked a third time, in 
terms of values of Bp + BCC + ByM, ie., of X’, as 
shown in Table 7, and these rankings too were compared 
with percentiles. This suggested that the scale was not 


perfectly linear but no large or systematic deviations 
were found. 
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APPENDIX C 
Probable (confidence) limits for ratio of contributions per 
gram to Radiological Change from Mineral and Carbon. 
These limits were obtained from Fieller’s theorem 
(Fieller, 1944). If the “sample” ratio By/Bc is written 
as / and the true ratio By) 8c as A, then we consider the 


about its true mean fy — ABc. The distribution of 
z/Vvar z is that of Student’s ¢, with n—3 degrees of 
freedom corresponding to the n pairs of observations 
from which the estimates Bop, By and Be are obtained. 
We can then write 


= 
d- A) Bc { var Bu — 2A cov (By. Bo) + i® var Bc }}. 
In our particular case var Bc 0-0007956; 
cov Bc, By = — 0-002461; var By = 0-18731. The 


negative covariance arises from the positive correlation 
of C with M. Fortunately this correlation is not too large. 
The larger it is, of course, the larger is —2A cov By, Bc 
which widens the probable limits of A given /. For this 
reason the estimate of bg bg cannot at present be usefully 
given. If A = 1, f = — 3-574, witha probability of 0-0008 
of being exceeded. 
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PNEUMOCONIOSIS IN MAKERS OF ARTIFICIAL 
GRINDING WHEELS, INCLUDING A CASE 
OF CAPLAN’S SYNDROME* 

BY 
E. POSNER 
From the Stoke-on-Trent Mass Radiography Centre 


(RECEIVED FOR PUBLICATION NOVEMBER 3, 1959) 


Mass miniature radiography surveys in a factory producing artificial grinding wheels detected 
cases of pneumoconiosis, mostly of the silicotic type. All cases were traced to the department 
where the so-called “bond” is prepared and mixed with the abrasive grains of carborundum and 
artificial corundum. This ceramic-vitrified bond, similar in composition to English general 
earthenware, contained until recently a significant proportion of free silica. 

The miniature film survey was followed up by an investigation on full-sized films, in which 
92% of all workers in the bond department participated. The radiographs were subjected to 
dual independent viewing and it was found that 66°% of the men who had worked in the bond 
department for more than 10 years showed radiological evidence of pneumoconiosis with a high 
proportion of progressive massive fibrosis (P.M.F.) 

Recently the amount of free silica in the ceramic bond has been reduced by the introduction 
of “‘frits’’ in place of powdered flint and part of the factory has been rebuilt and new methods 
of dust suppression and dust extraction have been introduced. One of the cases presented with 


the rheumatoid-pneumoconiotic syndrome, first described by Caplan. 
It is suggested that some of the cases of pneumoconiosis, attributed to carborundum, may be 
due to the binding materials of artificial grinding wheels. 


Pneumoconiosis in Users of Grinding Wheels 

Until the third decade of this century the mor- 
tality rates of cutlery and metal grinders generally, 
and particularly those from tuberculosis, interstitial 
pneumonia, and other respiratory disease, ranked 
among the highest of all occupational groups. 
Between 1880 and 1910, for instance, the com- 
parative mortality figures for “phthisis” in grinders 
averaged 450 (Registrar General, 1908, 1914) and 
in 1921 the standardized mortality rate from 
tuberculosis in metal grinders was 1,200 and that 
for all other respiratory disease 640 (Britten, 1928). 
Thus, almost 100 years after Holland (1843) had 
stated that “fork grinding is the most destructive 
occupation to human life’’, silicosis and tuberculosis 
still killed many highly skilled craftsmen in the 
prime of life. By 1931 the standardized mortality 
rate for tuberculosis in grinders had fallen to 275 
(Registrar General, 1936), but investigations by 
Turner and Martin (1949) in Sheffield and by 


*Based on a paper read to the annual meeting of the British 
Tuberculosis Association at Cambridge, July, 1959. 


Meiklejohn (1949) in the Black Country provided 
further evidence of the high morbidity and mortality 
from respiratory disease in metal and cutlery 
grinders, who used natural sandstone wheels. 

For the past 20 years, however, the number of 
deaths from silicosis and tuberculosis in grinders 
has been steadily falling (Chief Inspector of Fac- 
tories, 1927-57) and the reports of the Ministry 
of National Insurance (1952-57) show now only 
an average of six new cases each year. 

This remarkable change is due to the substitution 
of artificial grinding tools for natural sandstone 
wheels (Hunter, 1955). 

New artificial abrasives were invented in the 
United States towards the end of the last century 
and have replaced sandstone for grinding processes 
since the end of the first world war on an increasing 
scale. In 1926, for instance, there were still 1,600 
sandstone wheels in Sheffield, in 1933 only 200 
(Chief Inspector of Factories, 1936). 

The most commonly used artificial abrasives in 
grinding wheels are carborundum (silicon carbide) 
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and corundum (aluminium oxide). Artificial 
corundum has been a problem in occupational 
medicine since the last war, as its manufacture 
produced extensive pulmonary fibrosis, emphysema, 
and spontaneous pneumothorax, a syndrome now 
well known as “Shaver’s disease” (Shaver and 
Riddell, 1947; Riddell and Shaver, 1948; Jephcott, 
1948; Goralewski, 1939, 1940) On the other hand, 
there is no definite evidence that grinding wheels 
containing corundum are harmful to workers who 
use them in a large variety of processes. 

The question of the fibrogenetic properties of 
carborundum is more controversial. Gardner 
(1923) showed that it was not toxic to animals, but 
his later experiments (Gardner, 1938) suggested that 
silicon carbide together with tuberculous infection 
can produce a fibrotic pulmonary reaction in 
animals. Bruusgaard (1949 and 1953), Bruce 
(1942), and Smith and Perina (1948) reported radio- 
logical nodulation in the films of workers exposed 
to carborundum dusts for long periods, whereas 
Miller and Sayers (1934) and Clark and Simmons 
(1925) placed it in the group of inert dusts. 

The hardness of the artificial abrasives, however, 
approaches that of diamonds and consequently their 
introduction caused a very significant reduction of 
dust at grinding operations, compared with natural 
sandstone (Bergerhoff, 1937). 

The statement of the Chief Inspector of Factories 
(1928), therefore, that “the substitution of car- 
borundum wheels for old time sandstone expedites 
the elimination of a widespread occupational disease 
from the metal industry’, and Hunter’s forecast 
(1955) that by 1975 there should not be any more 
cases of pneumoconiosis in metal grinders, are at 
present well supported by statistical evidence and 
common experience. 


Pneumoconiosis in Makers of Grinding Wheels 


In contrast to the extensive literature concerning 
the risks by the users of artificial carborundum 
wheels, very little has been published about the 
dangers to the men who produce them. The results 
of a series of mass radiography surveys in a large 
factory manufacturing artificial grinding wheels may, 
therefore, be of some interest. 
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At the first survey in 1953, nine patients with 
pneumoconiosis were detected in the factory, five 
of whom had P.M.F. or pneumoconiosis complicated 
by tuberculosis. Of the nine men, one could have 
acquired the condition during previous work as a 
coal-miner, and one man had always worked on the 
kilns for firing abrasive wheels. The remaining 
seven were either working or had previously been 
employed in one and the same workshop, and 
otherwise had no exposure to industrial dusts during 
their working life. It was therefore decided to 
radiograph the workers in that part of the factory, 
the bond preparing and mixing department, and 
those previously associated with it, on full-sized 
films at the next survey in 1955. The response was 
satisfactory; 47 of the 51 eligible men attended 
(92°). Five men, who had previously worked in 
mines or the pottery industry, were omitted from 
the investigation. 

The remaining 42 films were read independently 
by Drs. Cochrane and Miall, of the Pneumoconiosis 
Research Unit at Cardiff, and by myself. The 
results in condensed form are shown in Table 1. 


TABLE | 


RESULT OF INDEPENDENT VIEWING OF FILMS OF 
ABRASIVE BOND WORKERS 
Observers Observer 
C. and M. P. 
| (Cardiff ) (Stoke) 
Category 0 (no pneumoconiosis) 26 
Categories 1/-/-/, 2/-/-/, 3/-/ 
(simple pneumoconiosis) | il 10 
Categories A-C (PMF) | 6 6 


There was almost full agreement with regard to 
diagnosis, and full agreement about the presence 
of P.M.F. In those cases where the observers 
disagreed about the radiological stage of simple 
pneumoconiosis, the readings of the Cardiff ob- 
servers were used for Table 2, which shows that the 
incidence of radiologically manifest pneumoconiosis 
in men employed in the bond department for more 
than 10 years was high. The considerable propor- 
tion of cases with P.M.F. (six out of 17 cases) 
seemed to be particularly noteworthy. 


TABLE 2 
PNEUMOCONIOSIS IN ABRASIVE BOND WORKERS 
Length of Radio- | | | | 
Occupational Risk | graphed | 3/- C Pneumoconiosis 
5-10 years 2 1 — 37-5 
11-15 years 7 2 1 2 — 1 — 1 71-4 
More than 15 years 14 5 3 1 2 2 64-3 
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The nodular lesions on the films were mostly of 
the silicotic type and also the massive shadows were 
those commonly seen in classical silicosis. A small 
number of films, however, showed the appearances 
described in cases of “mixed dust pneumoconiosis” 
with smaller, less well-defined lesions of oval, round, 
or irregular shape. 

Five men, whose films showed category 1/-/-/ or 
2/-/-/ simple pneumoconiosis, were practically 
symptom free, the other workers complained either 
of one, or of a combination of such symptoms as 
tightness in the chest, dyspnoea on exertion, dry or 
productive cough, lassitude, anorexia. 

Two of the men have since died and classical 
silicosis with P.M.F. was found at necropsy. 

The following are two illustrative case histories :— 


Case 1.—This man was 52 years old when first seen 
in 1953. He worked as a shoemaker for seven years 
and as a plasterer in the building trade for 17 years. 
For the past 15 years he had been employed in the bond 
preparing and bond mixing department of the abrasive 
wheel factory. He had complained of increasing 
dyspnoea for the past five years, of cough with little 
expectoration, of lassitude, and of anorexia. Sputum 
was repeatedly negative for acid-fast bacilli on smear 
and culture. A radiograph showed silicotic nodular 
shadowing in both lungs with large non-homogeneous 
shadows in both infraclavicular fields (Fig. 1). 

His disability was originally assessed as 50°% but his 
health deteriorated rapidly in the course of 12 months, 
after which he worked only occasionally and for short 
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periods. Dyspnoea became increasingly severe and 
confined him to bed after 19 months from his attendance 
at the x-ray unit. He had occasional small haemoptyses 
and died in December, 1955. 

At necropsy both upper lobes and the right middle 
lobe were found to be filled by fibrous, firm, greyish 
tissues of rubbery consistency, gritty under the knife, 
and containing necrotic areas. The remaining lobes 
contained numerous greyish fibrotic lesions. There was 
marked hypertrophy of the right cardiac ventricle and 
auricle. The cause of death was right-sided cardiac 
failure and silicosis. 


Case 2.—This man was 47 years old when first seen 
at the M.M.R. unit in 1955. He had worked as a 
general labourer in non-dusty trades for 14 years and 
had been employed in the bond department of the 
abrasive wheel factory for 18 years. He complained of 
productive cough and moderate dyspnoea on exertion. 
Apart from signs of chronic bronchitis, there were no 
abnormal clinical findings. Sputum was repeatedly 
negative for acid-fast bacilli. A radiograph (Fig. 2) 
showed nodular shadows in both upper and the right 
middle lung fields with a triangular massive shadow in 
the right upper field. In the left lung there were a few 
larger, oval, ill-defined opacities of a diameter ap- 
proximately | cm. 

When next seen two years later these oval shadows 
had become more numerous in the left lung and had also 
appeared in the right lung (Fig. 3). The man had 
remained fairly fit, but dyspnoea had become slightly 
more severe and he now complained of pains in the 
phalangeal joints of both hands and of the right foot 
and in the right hip. He had developed fusiform 
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swellings of the phalangeal joints of both hands. 


The 
films and case history were shown to Dr. Caplan, who 
wrote “the second film of the man is quite typical of the 
rheumatoid syndrome; the characteristic change is well 


shown. I think I would have suspected this even on his 
previous film.” 

This case is considered to be a further addition 
to the cases of the rheumatoid-pneumoconiotic 
syndrome (Caplan, 1953) in non-miners. The 
literature of these cases has recently been sum- 
marized by Caplan, Cowen, and Gough (1958). 


The Bond of Artificial Grinding Wheels 
“Bond” is the term used for the material which 
holds the abrasive grains together in the grinding 
wheel and supports them while they cut. The 
hardness of each wheel is largely determined by the 
resistance the bond offers against the tearing off of 
the abrasive. 
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Synthetic resins, rubber, and other organic 
materials are now being used on an increasing scale, 
but the traditional and still most commonly used 
bond is a ceramic vitrified one, and its components 
are very similar to those used for the manufacture 
of general earthenware in North Staffordshire 
(Tabie 3). The nature and proportion of ceramic 
bonding materials vary from factory to factory and 
are usually a well-guarded trade secret. The samples 
shown in Table 3, however, have been chosen from 
modern technical publications (Houchins, 1957; 
Teague, Brown, Emmett, Lawrence, and Sutcliffe, 
1946; Rosenthal, 1949) and are thought to be 
representative. 

Flint is almost pure free silica and was used in the 
factory as a finely ground powder not only as a part 
of bonding materials, but also for supporting the 
wheels during kiln firing. As in the china industry, 
(Meiklejohn and Posner, 1957) this method was 
replaced by bedding into alumina in 1937. In recent 
years, flint as a component of the ceramic bond has 
also been largely replaced by so-called “‘frit’, a 
mixture consisting mostly of silicates and oxides, 
and also widely used in the glass industry and for 
glazing pottery. The free silica content of frits is 
far below that of flint or quartz, but cases of 
pneumoconiosis in men exposed to dry pottery 
glazes have been reported (Jones, 1951). It is also 
noteworthy that the type of felspar commonly used 
for ceramic purposes in this country, so-called 
“Cornish stone’, contains 30-35°%, and ball clays 
from Cornwall and Devon 5-25°% free silica (Fac- 
tory Inspectorate, 1959). Nevertheless the sub- 
stitution of a material consisting almost entirely 
of free silica, such as flint, by frits, is likely to reduce 
the risk from pneumoconiosis in bonding processes. 
Even more important are the very impressive and 
thorough changes in dust prevention and general 
workshop hygiene made in the factory in recent 
years. The shovelling and manual handling of dry 
powders has now almost entirely ceased, and has 
been replaced by an ingenious system of automatic 
conveying and mixing in enclosed pipes and cylin- 
ders. Accurate and comparable dust counts of the 
past and present are not available, but the times 
when, in the words of an eye witness, “flint was 


TABLE 3 

SAMPLES OF VITRIFIED BOND FOR ARTIFICIAL GRINDING WHEELS AND OF GENERAL EARTHENWARE 
I Felspar 70% Il | Felspar 38% 
| Ball clay 10% | Ball clay 19% 
| Flint | 10% | Silica } 26% 
| Kaolin 9% | Calcite (Calcium carbonate) 

| Whiting (chalk) 

ll | Felspar | 60 parts General | Ball clay | 18-47% 
Clay | 40 parts Earthenware | Kaolin 24-37% 
Frit 25 parts | Flint | 21-38% 
| Cornish stone (felspar and quartz) | 17-15% 
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brought into the factory in wagon loads and 
shovelled on a concrete floor’’, have certainly passed. 


Discussion and Conclusions 

Pneumoconiosis in makers of artificial grinding 
wheels, more specially in abrasive bond preparers, 
has in the past attracted little attention, although 
Middleton (1953) referred to the silica content of 
the bonded wheel at the Third International Con- 
ference on Pneumoconiosis in Sydney, and Italian 
and German authors (de Dominicis, 1947: 
Schmidt, 1954; Schneider, 1957) mentioned it in the 
context of general communications on silicosis. Its 
occurrence is an example of the not uncommon ex- 
perience that industrial inventions, of great benefit to 
the users of new tools, create new and for some time 
hidden hazards to those who provide them. How- 
ever, the introduction of new bonding materials 
containing less free silica and improved dust pre- 
vention are likely to reduce the problem of pneumo- 
coniosis in abrasive bond workers to a similar extent 
as did the substitution of flint by alumina in the 
china industry (Meiklejohn and Posner, 1957). 

It is reassuring that, in the factory under review, 
since 1955 only one further case of simple pneumo- 
coniosis has been found in bond workers at two 
further surveys, and that none of the previously 
detected cases with simple pneumoconiosis has since 
developed P.M.F. 

On the other hand, the silica content of the bonded 
ceramic wheel must be considered in cases of 
pulmonary fibrosis, occasionally attributed to 
carborundum. Both quartz and flint are converted 
to the crystalline forms of trydimite and cristobalite 
at the high temperatures at which wheels are fired in 
kilns, and both these substances are known to cause 
a more rapidly developing silicosis in animals than 
quartz or fused silica (King, Mohanty, Harrison, and 
Nagelschmidt, 1953). Despite the hardness of 
artificial grinding wheels, some dust is given out in 
grinding operations, and the problem of the cause 
of pneumoconiosis in workers using carborundum 
wheels, is, as Middleton (1953) stated, worth further 
detailed investigation. 


I am indebted to the managers of the factory for their 


help with the investigation and for valuable criticisms of 
the technical aspects of this paper. I am grateful to 
Dr. A. L. Cochrane and Dr. W. E. Miall, of the Pneumo- 
coniosis Research Unit, for their assessment of the films, 
to Dr. F. Pick, of the Stafford Infirmary, for patho- 
logical reports, and to Dr. L. Bowcock for the repro- 
duction of radiographs. I wish to thank Miss A. 
Holdsworth for clerical assistance. 
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A STUDY OF THE REPEATABILITY OF VENTILATORY 
TESTS, ANTHROPOMETRIC MEASUREMENTS, AND 
ANSWERS TO A RESPIRATORY SYMPTOMS 
QUESTIONNAIRE IN WORKING COAL-MINERS 


BY 


J. R. ASHFORD, G. D. FORWELL, and R. ROUTLEDGE 


From the Pneumoconiosis Field Research of the National Coal Board 


(RECEIVED FOR PUBLICATION OCTOBER 3, 1958) 


A study has been made in working coal-miners of the repeatability of ventilatory tests, anthropo- 
metric measurements, and the answers to a questionnaire on respiratory symptoms. 

On the first visit especially, there was evidence of a continuous increase in both forced expiratory 
volume (F.E.V.) and forced vital capacity (F.V.C.) from the first to sixth expirations at the same 
visit but it was minimal after the first expiration. No difference between the beginning and end of a 
shift was found. The effect on the F.E.V. and F.V.C. readings of the day of the week and time of 
day at which the examination was made was negligible. The observations recorded in Scotland 
were 15° higher than those obtained in South Wales. 

Between the beginning and end of shift there was a small reduction in weight and in standing 


and sitting height measurements. 


The repeatability of the answers to the questionnaire was good. No consistent difference 


was found between doctor and clerk observers. 


In 1956 it was decided to include follow-up 
studies of ventilatory function as part of the medical 
examinations carried out by the Pneumoconiosis 
Field Research of the National Coal Board (Fay, 
1957; Fay and Rae, 1959). In routine surveys in 
this scheme the mineworkers are all volunteers. 
This implies that they may present themselves for 
examination on any day of the week and either 
before or after working a shift. It was therefore 
considered necessary to examine the reproducibility 
of the proposed measurements. Investigations were 
carried out at a colliery in Fife and a colliery in 
South Wales before the routine surveys were 
started, to study the following factors :— 

(1) The variability in the measurements of the 
one-second forced expiratory volume (F.E.V.) and 
forced vital capacity (F.V.C.) at the same visit; 
(2) the effect of working a shift; (3) the effect of the 
time of day at which the man was examined; 
(4) the effect of the day of the week on which the 
man was examined; (5) the observer error when 
making measurements of F.E.V., F.V.C., standing 
height, sitting height, and weight; (6) the repro- 
ducibility of a short questionnaire on respiratory 
symptoms. 


Design 

The design of the trial was conditioned by the 
need to investigate the effect of the day of the week 
and the time of day at which the various tests were 
applied. As it was thought that the age and occu- 
pation of the subject might also have some effect 
on the results, account was also taken of these 
factors. At each colliery the working population 
was divided into five arbitrary age classes (under 
30 years, 31-40, 41-50, 51-60, and 60 and over) and 
five arbitrary occupational classes, of which two 
covered faceworkers, two covered non-faceworkers 
underground, and one covered surface workers. 
Each of these 25 groups was further subdivided into 
three subgroups, in terms of shift worked (days, 
afternoons, or nights) on the first of the two weeks 
during which the trial was carried out. The subjects 
for examination were then chosen at random, one 
from each of the 75 subgroups. To obtain a balance 
between the days of examination on the first and 
second weeks of the trial and between the five age 
and five employment classes a 5 « 5 Graeco-Latin 
square design was applied for each of the three 
shifts worked on the first week of the trial. In this 
way one man working on each of the day, afternoon 
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and night shifts on the first week of the trial was 
examined on each of the 25 possible combinations, 
that is (Mon., Mon.), (Mon., Tu.), (Mon., Wed.), 

(Th., F.), (F.F), of days of examination on 
the first and second weeks. Each man _ was 
examined four times in all, before (visit 1) and after 
(visit 2) the working shift on the specified day of 
the first week and before (visit 3) and after (visit 4) 
the working shift on the second week of the trial. 
The majority of men worked a different shift on 
the first and second weeks. When any of the selected 
subjects was absent on the first week of the trial a 
reserve chosen at random from the appropriate 
subgroup was included in his place. No man 
refused to cooperate and all men carried out the 
four visits, although a few did not report on the 
specified day on the second week and were examined 
on another day later in the same week. 

It must be emphasized that the Graeco-Latin 
square design was used solely to obtain a satis- 
factory balance between the various factors which 
were thought to be relevant. The statistical treat- 
ment conventionally adopted for designs of this 
type was not, in fact, applied, in view of the doubts 
about the validity in this particular application of 
some of the assumptions on which such analyses 
are based, and each factor was examined separately 
in the analysis of the results. For this reason the 
minor deviations from the design can have no 
appreciable effect on the analysis nor on the validity 
of the various conclusions which have been derived. 


Procedure 

On each of his four visits, the following measurements 
were made on each man: 

(1) Six replicate readings of F.E.V. and F.V.C. (in 
litres) were made by a Gaensler type spirometer with an 
electronic timing device (Gaensler, 1951) as modified 
by the M.R.C. Pneumoconiosis Research Unit (Car- 
penter, Cochrane, Gilson, and Higgins, 1956). With 
this apparatus, error arising from differences in abrupt- 
ness of starting expiration is reduced by starting the 
timing cycle after the expulsion of the first 100 ml. of 
air. The calibrations of four new models of this 
apparatus were checked and compared by the introduc- 
tion of known volumes of air from a test rig at the 
M.R.C. Unit and their timing cycles set using a chrono- 
tron. The calibration was checked before each examina- 
tion session by confirming that when a weight attached 
round the pulley was allowed to fall the volume recorded 
on the scale was constant. During each session the 
water round the bell was kept at 202°C. McKerrow, 
McDermott, Gilson, and Schilling (1958) found that the 
volume measurement of a similar piece of apparatus was 
accurate to + 1:5% and the time to 420%. All 
measurements were made by one Scottish and one Welsh 
observer. 

(2) At both collieries separate measurements were 


115 


made by each of two observers of weight, standing 
height, and sitting height. 

(3) Respiratory symptoms were recorded using a 
questionnaire similar to that used by Higgins, Oldham, 
Cochrane, and Gilson (1956). The questionnaire was 
asked of each man on both weeks of the trial, once by a 
doctor and once by a clerk. A randomization was 
applied to determine whether doctor or clerk applied the 
questionnaire first and also whether this was before or 
after shift. To minimize any observer effect extra 
probing questions were not allowed (Wood, 1958). 


Results 
(A) Ventilatory Capacity 


(1) Variation within Visits.—At the first visit the 
variation in the average F.E.V. and F.V.C. with 
expiration number and age is shown in Table 1. All 
four visits are taken together in Fig. 1. At both 
collieries the differences in both F.E.V. and F.V.C. 
between expiration | and the average of expirations 
2-6 were significant. The order of magnitude of 
these differences was about 1° for the colliery in 
Scotland and 2°, for the colliery in South Wales. 
In Scotland a single practice estimation of the 
F.E.V. and F.V.C. was carried out in all subjects 
at an introductory visit. In South Wales there was 
no such introductory visit and the subject’s first 
expiration on visit | was his first experience of the 
equipment. The rise in F.E.V. and F.V.C. with 
expiration number was less marked with increasing 
age (Table 1) and was less apparent in surface than 
in faceworkers. Values for expiration 1 were 
rejected in all subsequent analyses. 


(2) Variation between Beginning and End of 
Shift.—The variation in the ventilatory and anthro- 
pometric measurements between the beginning and 
end of the shift may be examined by comparing the 
average results obtained on each visit (Fig. 2). 
Visits | and 2 were made at the beginning and end 
of the first shift on which the man was examined 
and visits 3 and 4 were made at the beginning and 
end of the second shift. The main feature of the 
observations was the fall in both F.E.V. and F.V.C. 
on visit 3, which was most marked at the Scottish 
colliery. There was no evidence of any consistent 
difference between the beginning and the end of the 
shift at either colliery. The differences between 
F.V.C. values for visit 3 and the mean of visits 1, 2, 
and 4 were of the order of 1°% in Scotland and 
0-5°%% in South Wales. The corresponding differ- 
ences for F.E.V. were both about 2°. When the 
effect of occupation is taken into account (Table 2) 
it will be seen that the greatest decrease on visit 3 
was in faceworkers and the least in surfaceworkers. 
Table 3 shows that the tendency for the F.E.V. and 
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F.E.V. AND F.V.C. IN TERMS OF AGE AT VISIT 1 ONLY 


Expiration No. | _Mean of 
Colliery Age (Years) — — Expirations 
1 2 3 | 4 5 | 6 - 

(a) Average F.E.V. (litres) 

Scottish Under 30 3-903 3-870 3-890 | 4-000 3-953 4027 3-948 
30-39 3-213 3-247 3-310 3-370 3-377 3-393 3-339 
40-49 2-817 2-903 2-937 | 2-940 2-963 3-007 2-950 
50-59 2-333 2-327 | 2:333 | 2-353 2-380 2-393 2-357 
60 and over 2:200 ~—2:200 2-227 2-210 2-243 2-217 

South Wales Under 30 3-411 3-636 3-759 3-825 3-768 3-711 3-736 
30-39 2-947 3-112 | 3-135 3-197 | 3-135 3-112 } 3-138 
40-49 2-137 2-307 | 2-300 2-333 2-380 2-363 2:337 
50-59 2:391 2:366 2:366 2:331 2-375 2-370 | 2-361 
60 and over 1-771 1-857 1-821 | 1-846 1-879 1-839 | 1-849 

(b) Average F.V.C. (litres) 

Scottish Under 30 4813 4-820 4-870 4-900 4-900 4-833 
30-39 4-713 4-723 4-750 4-740 4:720 4713 4-729 
40-49 4-373 4-423 4-490 4-470 4-473 4427 4-457 
50-59 3-917 3-913 | 3-890 3-933 3-923 3-927 3-917 
60 and over 3-420 3-473 3-390 3-410 3-450 3-433 3-431 

South Wales Under 30 4-525 4593 4-693 4-725 4-739 4-579 4-666 
30-39 3-844 3-982 4015 4047 4021 3-991 4011 
40-49 3-220 3-360 3-307 3-340 3-317 3-363 3-337 
50-59 3-316 3-306 3-372 | 3-341 3-278 3-407 3-340 
60 and over 2-650 2-646 2-661 2-636 2-661 2-650 2-651 

*Each entry is the mean of 15 expirations 
TABLE 2 


VARIATION IN F.E.V. AND F.V.C. FROM VISIT TO VISIT IN TERMS OF OCCUPATION (EXPIRATIONS 2-6) 


Scottish Colliery 


South Wales Colliery 


Visit 1 Visit 2 Visit 3 Visit 4 All Visit | Visit 2 Visit 3 Visit 4 All 
(Before) (After) (Before) (After) Visits (Before) (After) (Before) (After) Visits 
(a) Average F.E.V. (litres) 
Faceworkers 2-895 2-878 2:757 2-811 2:835 2-810 2:72 2-650 2-756 2-736 
Workers elsewhere underground 3-093 3-102 3-019 3-111 3-081 2-558 2-526 2-500 2-498 2-520 
Surfaceworkers 2°835 2-855 2-818 2-810 2-830 2-702 2-835 2-748 2-726 2-753 
All workers 2-962 2-963 2:874 2-931 2:932 2-690 2-675 2-615 2-651 2-658 
(b) Average F.V.C. (litres) 
Faceworkers 4-244 4221 4-133 1-150 4-187 3-754 3-727 3-672 3-679 3-708 
Workers elsewhere underground 4-422 4-392 4359 4-453 4-406 4-503 3-483 3-478 3-474 3-485 
Surfaceworkers 4-077 4-060 4-080 4-039 4-064 3-526 3-536 3.594 3-622 3-570 
All Workers 4-282 4:257 4213 4-249 4-250 3-608 3-591 3-580 3-588 3-592 
TABLE 3 
VARIATION IN F.E.V. AND F.V.C. FROM VISIT TO VISIT IN TERMS OF AGE (EXPIRATIONS 2-6) 
Scottish Colliery South Wales Colliery 
Age (Years) - —— - 
Visit 1 Visit 2 Visit 3 Visit 4 All Visit 1 Visit 2 Visit 3 Visit 4 All 
(Before) (After) (Before) (After) Visits | (Before) (After) (Before) (After) Visits 
(a) Average F.E.V. (litres) 
Under 30 3-948 3-956 3-842 3-945 3-923 3-736 3-656 3-736 3-698 3-706 
30-39 3-339 3-373 3-328 3-383 3-356 3-138 3-056 2-972 3-091 3-064 
40-49 2-950 2-928 2-852 2-888 2-337 2-431 2-287 2:379 2:358 
50-59 2-357 2-371 2-251 2:295 2-319 2-361 2-389 2-285 2-241 2-319 
60 and over 2-217 2-185 2-128 2-178 2-177 1-849 1-819 1-789 1-829 1-821 
All age groups 2-962 2-963 2-874 2-931 2-932 2-690 2-675 2-615 2-651 2-658 
(b) Average F.V.C. (litres) 
Under 30 4-875 4-871 4-841 4-864 4-862 4 4-649 4:786 4-781 4-721 
30-39 4-729 4.694 4-717 4-734 4719 4011 3-958 3-999 4059 4-007 
40-49 4-457 4-404 4312 4-359 3-337 3-435 3-238 3-363 3-343 
$0-59 3-917 3-851 3-847 3-806 3-855 3-240 3-291 3-255 3-145 3-258 
60-69 3-431 3-465 3347 3-482 3-431 2-651 2-599 2-604 2-571 2-606 
All age groups 4-282 4-257 4-213 4249 4-250 3-608 3-501 3-580 3-588 3-588 
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LEARNING EFFFECT (F.V.C. & FEV) 
FIGURE |. 
ALL VISITS - ALL MEN EXAMINED 
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VARIATION FROM VISIT TO viStT [FVC. & FEV. (WEAN EXPIRATIONS 2-<)] 


FIGURE 2. 
ALL MEN EXAMINED 
(a) SCOTTISH COLLIERY 
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F.V.C. to fall on visit 3 was most marked for the 
older men. 


(3) Variation with Time of Day.—The effect on the 
ventilatory capacity of the time of day at which the 
examination was carried out could not be measured 
using mean figures for all the men by shift, because 
the age distributions of the men on the three shifts 
were not the same. This effect was examined by 
comparing the average performance before work 
(visits | and 3) of the men who were examined on 
two different shifts. At neither colliery was there 
any significant diurnal variation. 


(4) Variations with Day of the Week.—There 
was no evidence of any trend. 


(5) Geographical Differences in Ventilatory 
Capacity.—From Figs. | and 2 it is seen that 
ventilatory capacities at the colliery in Fife were 
some 15°, higher than corresponding values at the 
colliery in South Wales. 


(6) The Repeatability of the Observations.— 
The repeatability of the measurements of F.E.V. 
and F.V.C. from expiration to expiration may be 
expressed in terms of the standard deviation of the 
individual expirations on the same visit averaged 
over all the men under consideration (Table 4a). 
The standard deviations given in Table 44 represent 
a summation of the variability from expiration to 
expiration on the same occasion (Table 4a) and the 
variability in average performance between the 
beginning and end of a shift. At the Scottish 
colliery the F.E.V. was only slightly less variable 
than the F.V.C. but at the Welsh colliery the F.E.V. 
was more reproducible than the F.V.C. The 
standard deviations given in Table 4c represent a 
summation of the variability from day to day, 
between the beginning and end of the shift on the 
same day and from expiration to expiration on the 
same visit. A comparison with Table 44 suggests 
that while variation, both in F.E.V. and F.V.C. 


from day to day at the Scottish colliery was small, 
that at the Welsh colliery was larger and the F.V.C. 
was the more variable of the two measurements. 
(The absolute value of the F.V.C. measurements 
was, of course, greater than that of F.E.V., and if 
this fact is taken into account, it is apparent that the 
proportional variation of F.V.C. was very little 
different and if anything slightly smaller than that 
of the F.E.V.) 


(B) Weight and Height.—The differences between 
observers were negligible. 


Weight.—Although there were wide individual 
variations, there was an average loss of weight of 
1-15 lb. during a shift. The greatest losses were in 
elderly faceworkers. 


Height.—Between the beginning and end of a 
shift there was an average fall in standing and sitting 
height of 0:25 cm. The greatest falls in standing 
and sitting height were in young faceworkers. 


(C) Answers to Questionnaire.—in general the 
answers obtained by doctor and clerk were in close 
agreement. A summation is given in Table 5 of 
the replies to individual questions. 


Discussion 

The work of Fry, Ebert, Stead, and Brown (1954) 
and Hyatt, Schilder, and Fry (1958) suggests that 
the degree of lung inflation may affect the ventilatory 
capacity. Thus the observed rise in F.E.V. and 
F.V.C. with expiration number may have been due 
to the stretching of the lung by the successive 
inspirations. This explanation would not be 
inconsistent with the findings that the rise was still 
discernible at the fourth visit, was greater in face- 
workers than in surfaceworkers, and was greater 
in younger men. 

The low mean F.E.V. and F.V.C. at visit 3 (before 
a shift) is difficult to explain. The decrease was most 


TABLE 4* 
REPEATABILITY OF MEASUREMENTS OF F.E.V. AND F.V.C. (EXPIRATIONS 2-6) 


Colliery Test Visit 1 Visit 2 } Visit 3 Visit 4 All Visits 
(a) From expiration to expiration on the same visit | 
Scottish F.E.V. 0-15 0-14 0-12 
F.V.C. 0-15 0-14 0-13 0-13 0-14 
South Wales F.E.V. 0-20 0-19 0-13 0-12 0-17 
P.V.C. 0-20 0:22 0-16 0-14 0-18 
Test Scottish Colliery S. Wales Colliery Test Scottish Colliery | S. Wales Colliery 
(b) Between beginning and end of a working shift (c) Between successive weeks 
F.E.V. 0-31 0:33 F.E.V. 0-34 | 0-46 
F.V.C. 0-33 0-39 F.V.C. 0-37 | 0-69 


*Each entry is the standard deviation of a single expiration in litres. 
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TABLE 5 


ANALYSIS OF THE DISAGREEMENTS ON pant neg QUESTIONS BY DOCTOR AND CLERK ON RESPIRATORY 


YMPTOMS QUESTIONNAIRE 


Scottish Colliery | 


South Wales Colliery 


Question Doctor Clerk | Doctor Clerk 
Yes No Yes No Yes No i Yes | No 
Coughing 
1. Do you cough when you get up or 
first thing in the morning? 36 39 28 47 39 37 31 45 
2. Do you cough during the rest of the j 
day? I don’t mean at the end of the 
shift 15 60 20 $5 17 59 16 60 
3. Do you cough like this on most days 
for as much as 3 months in the year? 27 48 20 55 33 43 33 43 
Phiegm 
4. Do you bring up phiegm when you 
et up or first thing in the morning ? 31 28 47 30 46 | 30 46 
5. you bring up phiegm during the \ 
rest of the day? 23 $2 26 49 15 61 13 63 
6. Do you bring up phlegm like this on 
most days for as much as 3 months in 
the year? 24 51 20 55 27 49 26 50 
Breathlessness 
you have to walk slower than 
other people on the level? 10 65 11 od 29 47 26 50 
Wheezing 
8. Do you ever have wheezing or 
whistling in your chest?—I don't 
mean when you have a cold 15 60 13 62 20 56 21 55 
Weather 
9. Does the weather affect your chest? 9 66 9 66 21 55 17 59 
Smoking 
10. Do you smoke? 61 14 61 14 53 23 53 23 
11. If no: have you ever smoked as much 
as | cigarette a day for | year? 4 10 4 10 6 17 6 17 
Iliness 
12. In the last 3 years have you had a 
chest illness that has kept you off 
work for more than a week? 2 73 P| 73 16 60 13 63 


marked in faceworkers and older men. It is 
unlikely to have been caused by atmospheric con- 
ditions because visits 3 and 4 were on the same day 
for any one man and on different days for different 
men. Furthermore, local meteorological office 
records do not suggest that the atmospheric con- 
ditions on the second weeks of both the Scottish 
and Welsh trials differed consistently from those on 
the corresponding previous weeks. 

Gielen (1957), McKerrow ef al. (1958), and 
Worth, Valentin, Venrath, Gasthaus, and Hoffmann 
(1956) found a tendency for the ventilatory capacity 
to increase during a working shift in coal-miners; 
these observations were not confirmed in the present 
study. In contrast to the effect noted in men 
suffering from byssinosis (Schilling, Hughes, Ding- 
wall-Fordyce, and Gilson, 1955; McKerrow et al., 
1958) the ventilatory capacity of coal-miners was 
not related to the day of the week. 

The simplest explanation of the higher ventilatory 
capacities in Scotland than in South Wales would be 
that there were differences between observers or 
instruments. In view of previous knowledge of the 
similar findings of Higgins and Cochran (1958) 
great care was taken before the experiment to 
minimize the possibility of a difference in the 
instruments having been responsible. The possi- 
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bility remains that the responsibility for the apparent 
geographical differences lay with the inexperience 
of the observers. With the apparatus used, readings 
of F.E.V. were more easy to observe accurately than 
those of F.V.C. and, correspondingly, the differences 
between the Scottish and Welsh F.E.V.s and F.V.C.s 
were 10°, and 18°, respectively. As judged by the 
repeatability of the observations (Table 4), the 
observer at the Welsh colliery was considerably less 
competent than the one at the Scottish colliery. 
A difference in air temperature of 10°C. between 
Scotland and Wales could not have produced more 
than a 5°, discrepancy in air volumes. Furthermore, 
the Scottish and Welsh vehicles and other equip- 
ment were identical and the water around the 
spirometer bells was kept at 20 + 2°C. While the 
standing height of the Scottish men was greater by 
more than 3 cm., their sitting height was only | cm. 
greater so that nearly all the height difference must 
have been due to a difference in length of the legs 
(Higgins and Cochran, 1958); the mean weight of 
the Scotsmen was only 5 Ib. more than that of the 
Welshmen. This leaves most of the difference in 
ventilatory capacity still to be accounted for. 
Unlike the findings of Higgins and Cochran, in the 
present study the prevalence of respiratory symptoms 
was higher in South Wales than in Scotland and 
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this may have been related to the difference in 
ventilatory capacities found. 

Differences in procedure and apparatus make it 
difficult to compare the repeatability of the venti- 
latory capacity measurements with that observed 
by other workers (Gilson and Hugh-Jones, 1949); 
Gray, Barnum, Matheson, and Spies, 1950; Friend, 
1955). However, Higgins, Oldham, Merrick, and 
Dunsdon (1956), with apparatus similar to that used 
in the present study, obtained closer repeatability, 
presumably due to their greater experience in its 
use. 

The fall in height during a shift was probably the 
gradual diurnal fall in height while in the erect 
posture (Backman, 1924). In agreement with the 
findings of Backman, it was greater in younger men. 


We are indebted to the National Coal Board for 
permission to publish this paper. 
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A STUDY OF THE REPRODUCIBILITY OF THE 
FORCED VITAL CAPACITY OF COALWORKERS AT 
TWO COLLIERIES IN SCOTLAND AND TWO 
COLLIERIES IN SOUTH WALES 


BY 


D. P. DUFFIELD and J. R. ASHFORD 


From the National Coal Board, Pneumoconiosis Field Research 


(RECEIVED FOR PUBLICATION JUNE 4, 1959) 


A study of 1,522 coalworkers at two Scottish collieries and two Welsh collieries showed that 
the forced vital capacity (F.V.C.) was as reproducible a measurement as the forced expiratory 
volume (F.E.V.) (1 sec.). This applied not only to replicate readings, but also between readings 
taken before and after a working shift on the same day, and also between readings taken at an 


interval of one week. 


An examination of the results of F.E.V. (1 sec.) and F.V.C. readings 


taken on the entire colliery populations at a colliery in Ayrshire, Scotland, and one in South 
Wales showed that replicate readings of F.V.C. and F.E.V. (1 sec.) were equally reproducible and 
that reproducibility was virtually unaffected by the presence or absence of bronchitic symptoms 
or the different prevalence of pneumoconiosis at the two collieries. 


In the investigations into the lung function of 
coalworkers by the Pneumoconiosis Field Research 
of the National Coal Board (Fay, 1957) measure- 
ments are taken of the forced vital capacity, the 
total volume of air which can be forcibly expired 
after a maximal inspiration (F.V.C.), and the forced 
expiratory volume (F.E.V., 1 sec.), that is, the 
fraction of the forced vital capacity which has been 
expired in the first second. Both measurements 
have been carried out by the single-breath technique 

The use of F.E.V. (1 sec.) as an index of breath- 
lessness is well established. Kennedy (1953) found 
that the indirect maximum breathing capacity ob- 
tained by multiplying the F.E.V. (0-75 sec.) by 40 
correlated highly with, and was numerically similar 
to, the direct maximum breathing capacity. Gilson, 
Hugh-Jones, Oldham, and Meade (1955) showed 
that the maximum breathing capacity was highly 
correlated with independent clinical assessment of 
breathlessness among coalworkers, and Gilson 
(1958) pointed out that the correlation coefficient 
of F.E.V. (0-75 sec.) and F.E.V. (1 sec.) was 0-996. 

On the other hand, the use of the F.V.C. in the 
assessment of lung function either alone or in com- 
bination with F.E.V. has by no means obtained 
universal approval. The reason for this is mainly 
the fact that severely disabled men may have a 
normal or nearly normal F.V.C. but a greatly 


reduced F.E.V. (1 sec.). Doubts also exist regarding 
the reproducibility of the F.V.C. It is important 
in any study of vital capacity to state clearly the 
method used in its measurement, as even in the 
same subject the method used may have a great 
influence on the result obtained. 

Comroe, Forster, Dubois, Briscoe, and Carlsen 
(1955) stated that vital capacity, even with a 
standardized method of measurement, may vary 
by as much as 200 ml. in the same subject when 
replicate readings are taken. Christie (1932) goes 
so far as to say that forced vital capacity involves 
the use of “respiratory gymnastics’’ never under- 
taken even in the severest exercise. Christie was of 
the opinion that vital capacity varied even in normal 
subjects with replicate readings and considered it 
to be of limited use for the measurement of deviation 
from the normal. 

Thus, one of the main criticisms of the use of the 
F.V.C. as an index of lung function is that it may 
not be as reproducible as the F.E.V. This paper 
gives the results of an investigation into the repro- 
ducibility of the F.V.C., using data from surveys of 
coalworkers at two collieries in Scotland and two in 
South Wales. 

Method 

The apparatus used in this study was the modified 

spirometer described by McKerrow, McDermott, and 
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Gilson (1960), except that the wheel of the spirometer 
head was graduated in litres and thus readings of F.E.V. 
and F.V.C. could be made directly rather than having 
the wheel marked to record indirect M.B.C. as in the 
apparatus used by McKerrow and his colleagues. 

The instructions given to each subject were to take as 
deep a breath as possible and then to blow into the 
spirometer mouthpiece as hard and as fast as possible 
until expiration was complete. 

Data concerning F.E.V. and F.V.C. measurements 
are available from two sources. The first of these is the 
pilot trials which were undertaken at Colliery A in Fife, 
Scotland, and Colliery B in South Wales (Ashford, 
Forwell, and Routledge 1960). The primary purpose of 
these pilot trials was to determine whether the working 
of a shift had any effect on the performance of lung 
function tests. The men were divided into two groups 
according to their answers to a respiratory symptoms 
questionnaire, viz., those with and those without 
bronchitic symptoms. The pilot trials took place over a 
period of two weeks. At each colliery a random sample 
of 75 men balanced for age and occupation was examined 
before and after a working shift on a specified day in the 
first week of the trial, and again on a specified day in the 
second week. On each of the four visits six replicate 
readings were made of F.E.V. (1 sec.) and F.V.C. 

The second source of information was the routine 
physiological surveys at Colliery C, Ayrshire, Scotland, 
and Colliery D, South Wales, at each of which over 95°% 
of the working population was examined. Each man 
made only one visit at which four replicate readings of 
F.E.V. (1 sec.) and F.V.C. were made. The population 
examined at Colliery D numbered 519 men and that at 
Colliery C 853 men. 


Results 


Reproducibility of the F.V.C.—The two criteria 
for satisfactory reproducibility of a measurement 
such as F.E.V. or F.V.C. must be considered. In 
the first place, the subject’s performance must be 
consistent on successive forced expirations on the 
same occasion. Secondly, if the subject’s average 
performance over a number of forced expirations is 
consistent from day to day and from time to time 
during the same day, then this is further evidence 
for reproducibility, although a significant change in 
the value of F.E.V. and F.V.C. might indicate a 
true change in lung function, as was found in 
McKerrow’s studies of byssinosis (McKerrow, 
McDermott, Gilson, and Schilling, 1958). Our 
results provide some information about both these 
aspects of reproducibility. 

Comparison of corresponding values of F.E.V. 
and F.V.C. on successive expirations during the 
same examination showed no evidence that the 
variability of the results was directly related to their 
absolute values. The reproducibility of the measure- 
ments of F.E.V. and F.V.C. has therefore been 
expressed in terms of the standard deviation of the 
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individual observations rather than, say, the 
coefficient of variation. When considering these 
results it should be borne in mind that the average 
absolute values of the F.E.V. vary from about 
2 to 4 litres, and the average absolute values of the 
F.V.C. from about 3 to 5} litres. On average, 
the F.E.V. (1 sec.) accounts for about 75% of 
the F.V.C. 

On analysis of results obtained at Colliery A and 
Colliery B, the first measurement of both F.E.V. 
and F.V.C. at each examination was consistently 
lower than the remainder. This rise in F.E.V. and 
F.V.C. between the first and subsequent readings 
is referred to as the “learning effect’, and the 
observations made on the first expiration on each 
occasion have been discarded. 

The standard deviations of the F.V.C. and the 
F.E.V. from expiration to expiration at the same 
examination are given in Table 1I(a), which is 
subdivided according to the examination at which 
the readings were made. At both collieries the 
variability of the F.V.C. is only slightly greater than 
that of the F.E.V. When the results of the readings 
obtained at the first examination are considered 
there is no evidence of any appreciable difference 
in the reproducibility of the F.V.C. and the F.E.V. 
at either colliery. There is a marked tendency for 
the reproducibility of both F.E.V. and F.V.C. to 
increase as the subject becomes more experienced in 
the use of the apparatus, once again due possibly 
to a “learning effect’’. 

Because of this significant rise in reading of 
F.E.V. (1 sec.) and F.V.C. after the first reading, 
the first F.E.V. (1 sec.) and F.V.C. on the surveys 
at Colliery C and Colliery D were discarded. The 
results obtained on the “routine” surveys at 
Colliery C and Colliery D are summarized in 
Table 1 (b), which is subdivided in terms of the men 


TABLE | 


REPRODUCIBILITY OF F.E.V. AND F.V.C. MEASUREMENTS 
FROM EXPIRATION TO EXPIRATION AT THE SAME 
ATTENDANCE 
Standard Deviation of a Single Expiration (/.) 

(a) Pilot Trials 


Colliery Attendance 1 2 3 a All 
A 7Smen FVC. OFS O14 O13 O13 | O14 
F.E.V. 015 O14 O12 O11 O13 
B 75 men ALS 0:20 022 O16 O14 O18 
F.E.V. 020 0-19 013 O12 O17 
(b) Routine Surveys (one examination only)* 
Colliery | Bronchitic Symptoms With | Without | All 
F.E.V 0-16 0-14 0-15 
D F.V.C 0-16 0-15 0-15 
F.E.V 0-15 0-15 0-15 


*The results of the initial expiration on each attendance have been 
discarded. 
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with and without bronchitic symptoms. Those 
men who are found to have cough or sputum, plus 
breathlessness, wheeze, or a history of absence from 
work due to chest illness during the preceding three 
years, or a positive correlation between weather and 
chest symptoms, are classified as having “bronchitic 
symptoms”. Those who do not satisfy these criteria 
are classified as not having “bronchitic symptoms”. 
When the whole population is considered there is 
no appreciable difference between the reproduci- 
bility of the F.E.V. and the F.V.C. measurements 
at either Colliery C or Colliery D, although there is 
a suggestion that amongst the men with bronchitic 
symptoms the F.V.C. is slightly less consistent. 
Information about reproducibility from time to 
time during the same day and from day to day may 
be obtained from the results of the pilot trials, when 
each man was examined before and after the working 
shift on a specified day in both the first and second 
weeks. The variability of the observations between 
the beginning and end of shift on the same day is 
summarized in Table 2. The standard deviations 


TABLE 2 


REPRODUCIBILITY OF F.E.V. AND F.V.C. MEASUREMENTS 
BETWEEN BEGINNING AND END OF A WORKING SHIFT 
(BASED ON RESULTS OF PILOT TRIALS) 


Standard Deviation of a Single Expiration (1.) 


Colliery A B 
F.E.V 0-31 0-33 


given in Table 2 represent a summation of the 
variability from expiration to expiration on the 
same occasion (Table la) and the variability in 
average performance between the beginning and 
end of shift. They are therefore greater than the 
corresponding values given in Table I(a) which 
represent only the former source of variability. At 
Colliery A the F.E.V. is only slightly less variable 
than the F.V.C., but at Colliery B there is a definite 
suggestion that the F.E.V. is more reproducible. 
When the variability from day to day is considered 
(Table 3) similar differences are apparent. The 


TABLE 3 


REPRODUCIBILITY OF F.E.V. AND F.V.C. MEASUREMENTS 
BETWEEN SUCCESSIVE WEEKS (BASED ON RESULTS OF 
PILOT TRIALS) 


Standard Deviation of a Single Expiration (1.) 


Colliery A B 
0-37 0-69 
FEV. 0-34 0-46 


standard deviations given in Table 3 represent a 
summation of the variability from day to day, 
between the beginning and end of the shift on the 
same day, and from expiration to expiration on the 
same occasion. A comparison with Table 2 suggests 
that, while variation both in F.E.V. and F.V.C. 
from day to day at Colliery A is small, that at 
Colliery B is larger, and the F.V.C. is the more 
variable of the two measurements. The absolute 
value of F.V.C. measurement is, of course, greater 
than that of F.E.V., and if this fact is taken into 
account, it is apparent that the proportional 
variation of F.V.C. is very little different and, if 
anything, slightly smaller than that of the F.E.V. 
and that in spite of differences in the prevalence of 
radiological pneumoconiosis at the collieries in- 
vestigated (at Colliery C, 14-5°, and at Colliery D, 
36:9°%%) the reproducibility of the F.E.V. or the 
F.V.C. was not affected. 


We are much indebted to Dr. J. M. Rogan, Chief 
Medical Officer of the National Coal Board, for his 
encouragement and advice in the preparation of this 
paper. 
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ANTISEPTIC CREAM FOR USE ON THE HANDS 
IN FOOD ESTABLISHMENTS 
BY 
DOREEN L. WEDDERBURN 


From Unilever Limited, Toilet Preparations Development Unit, Isleworth, Middlesex 


(RECEIVED FOR PUBLICATION AUGUST 28, 1959) 


An antiseptic cream containing benzalkonium chloride as germicide has been developed for 
use on the hands. It inhibits growth on agar of staphylococci, E. coli, and S. typhimurium; it 
persists on the fingers, kills organisms applied to the skin, and reduces the normal bacterial 
population of skin. It is convenient to apply and has been found acceptable by workers in several 


food factories. 


Control of the spread of infection by people 
handling foodstuffs is directly connected with the 
general standards of hygiene of operatives and 
debarring from duty people who are known or 
suspected carriers of pathogenic infections. In 
many concerns where food is handled it is not 
practicable to guard against the employment of 
carriers because facilities do not exist for testing nasal 
secretions for pathogenic staphylococci or faeces for 
intestinal pathogens. Every attempt should there- 
fore be made to minimize the consequences due 
to transmittable bacteria, e.g., food poisoning and 
spoiled foods. 

Rountree and Thomson (1949) have stated that 
as many as 60°, of the general population may be 
nasal carriers of coagulase-positive staphylococci. 
The carrier rate of pathogenic intestinal bacteria is 
not nearly as high as this, but obviously the presence 
of even one such carrier amongst a group of people 
handling food which will not be cooked before it 
is eaten constitutes a grave danger to the public. 
Moss, Squire, Topley, and Johnston (1948) con- 
firmed experimentally that nasal carriers of patho- 
genic staphylococci also carry the organisms on 
their hands and showed that transmission by hand 
is acommon occurrence. The spread of pathogenic 
faecal bacteria by hand is also well known, par- 
ticularly when adequate standards of personal 
hygiene are neglected. In the interests of public 
hygiene and also for the above reasons, people 
handling food are invariably ordered to wash their 
hands before beginning work, after lunch and tea 
breaks, and particularly after visits to the lavatory. 

Dipping the hands in a disinfectant solution after 
washing has several disadvantages, besides being 


disagreeable and irksome to workers, who, unless 
supervised, will tend to avoid doing it. Many 
disinfectants used in this way are odorous and 
residues left on the hands may contaminate the 
food, and the solutions frequently cause irritation 
and superficial drying of the skin. Solutions of 
quaternary ammonium compounds which are not 
subject to the above drawbacks have been used, 
but it has been shown that the initial potency of the 
quaternary ammonium germicide rapidly becomes 
reduced by successive hand dipping. This is brought 
about by the quaternary ammonium compound 
being taken up on the hands and also by inactivation 
of the germicide by soap residues left on the hands 
after washing. Thus the activity of the germicide 
in a bulk container could be lost in a relatively short 
time but the fact would remain undetected. 

These difficulties can be overcome by the use of 
an antiseptic cream which is dispensed and used in 
individual portions. In addition to its antibacterial 
activity an efficient cream would be expected to be 
non-greasy, odourless, and to have no harmful 
effects on the skin. 

Benzalkonium chloride is a wide-spectrum 
quaternary ammonium germicide which has been 
used in the above-mentioned solutions and is well 
accepted for skin disinfection in medical practice 
because of its efficiency and lack of toxicity. 
Lawrence (1957), in a general review of the quater- 
nary ammonium germicides, mentions the successful 
use of benzalkonium chloride (also known as 
“zephiran’’) both in medical practice and in con- 
trolling sanitary conditions in eating and drinking 
establishments. The toxicology of the compound 
has been well documented and its use in paediatrics 
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recommended by Pfeffer and Smith (1950). 
Martindale (1958) refers to its use in pre-operative 
disinfection, obstetrics, and paediatrics, and states 
that its activity against both Gram-positive and 
Gram-negative organisms is one and a half times 
that of “‘cetrimide”. Allport (1952) found that this 
germicide was less inhibited by the presence of 
serum and soap than “cetrimide’” when using 
Escherichia coli and Proteus mirabilis as test 
organisms. For these reasons a cream containing 
0-5°% benzalkonium chloride has been developed 
and tested both in vitro and in vivo. Tests included 
assessment of efficiency and acceptability under 
factory conditions and of long-term effects on the 
skin. 


Laboratory Tests 


Many germicides or antiseptics are inactivated 
to varying extents by the ingredients used to make 
creams, and preliminary tests were carried out to 
establish the activity of benzalkonium chloride in 
various formulae. The cream used for the assess- 
ments described in this paper is an unperfumed 
oil-in-water system made with non-ionic emulsifiers. 
Care was taken to establish that no incompati- 
bility existed between any of the ingredients and 
benzalkonium chloride. Non-ionic emulsifiers are 
known to reduce the activity of many germicides 
(Wedderburn, 1958) when used at certain con- 
centrations, and for this reason preliminary tests 
were carried out to select a formula in which 
the benzalkonium chloride showed maximal activity. 
When a suitable formula had been found its activity 
against both Gram-positive and Gram-negative 
bacteria was assessed. Further tests were then 
designed to test various aspects of the main require- 
ment of the cream, namely, to prevent transfer of 
bacteria from the hands of food operatives to the 
products they handle. 


Methods and Results 


(1) Zone Inhibition Test.—The object was to demon- 
strate the efficiency of benzalkonium chloride in the 
cream against Micrococcus pyogenes var. aureus 
N.C.T.C. No. 8244 (coagulase-positive staphylococcus), 
Escherichia coli (an organism typical of faecal conta- 
mination), and Salmonella typhimurium (an organism 
known to cause food poisoning). 


Method.—Nutrient agar plates seeded with the test 
organisms were prepared. The test cream* (0-1 g.) and a 
control cream without benzalkonium chloride were 
placed in separate wells, 5 mm. diameter, cut in the agar. 
The plates were refrigerated to allow diffusion of the 
germicide and were then incubated at 37°C. for 24 hours. 


*The antiseptic cream referred to throughout is available from 
industrial Soaps Limited. 
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Results.—The control cream without benzalkonium 
chloride showed no activity against any of the organisms. 
The test cream consistently gave a zone of 17 mm. of 
growth inhibition against Micrococcus pyogenes var. 
aureus, and zones of 3mm. and 5 mm. against E. coli 
and S. typhimurium respectively. 


(2) Fingertip Imprint Tests —The object was to demon- 
strate the efficiency of the cream on the living skin 
against large numbers of Micrococcus pyogenes var. 
aureus, and to discover whether, when applied to washed 
hands, the cream would act against extraneous bacteria 
with which the hands might come into contact. Also 
the duration of activity under laboratory conditions was 
assessed. 


Method.—Unseeded nutrient agar (10 ml.) was poured 
into sterile petri dishes. When this had set 10 ml. of 
nutrient agar seeded with 0-05 ml. of a 24-hour broth 
culture of M. pyogenes var. aureus was poured on top of 
the sterile agar to form two-layer plates. 

Subjects participating in the test washed their hands 
with soap and water and rinsed them under running 
water for five seconds. One gram of the antiseptic hand 
cream was then applied to the hands and rubbed in. 
Subjects then carried on with their normal duties which 
included handling of wet, dry, and greasy objects. 

After given time intervals during which the subjects 
did not wash their hands, the fingertips were placed in 
contact with the seeded agar for two minutes. The 
plates were then incubated at 37°C. for 24 hours. 

The assessments were made (a) immediately after 
application of the cream, (5) half an hour later, (c) one 
hour later, and (d) two hours later. 

At the end of the incubation period the plates were 
examined for the presence of zones of inhibition in the 
areas where the fingertips had been in contact. The 
intensity of growth in and around the fingertip imprint 
area was recorded as follows:— 


4 = a large area of complete inhibition extending 
beyond the area where the fingertip was in 
contact with the agar 

3 = a complete inhibition of growth with a hazy 

outline, extending beyond the imprint 

= inhibition of growth only in the area where 

the fingertips were in contact 

1 = slight inhibition of growth in the imprint area 

0 = growth equal to that on other areas of the 
plate 


Preliminary experiments had shown that no zone of 
growth inhibition occurred when fingers covered with a 
control cream or untreated fingers were laid on the plates, 
thus any inhibition noted was due to the antiseptic 
cream. 


Results.—A typical result of one such experiment is 
illustrated in Fig. 1. 

This test has been carried out on 21 occasions on 
subjects doing laboratory work during the two-hour 
test period, and the results are given in Table 1. 

As might be expected there is a very strong association 
between time and the number of tests with various 
scores. Table 1 shows that immediately after the anti- 
septic cream had been applied no subject showed less 
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Fic. 1.—-The subject laid three fingers on the seeded agar plate 
one hour after application of the antiseptic cream. This result 
would be scored 2 (see Table 1). 
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possible. On each forearm three areas | in. x 2 in. 
were marked with a grease pencil and 0-05 ml. of a 
culture of M. pyogenes var. aureus in peptone water 
was spread evenly over the surface of each rectangle 
using a sterile glass rod. After the surface was dry 
(approximately seven minutes) each rectangle was care- 
fully covered with 0-05 g. of cream. On one arm the 
antiseptic cream was used and on the other arm a cream 
of the same composition but without the antiseptic. 
Each area was sampled after 10, 20, and 30 minutes, 
using an equal number of strokes with swabs made from 
alginate wool. The swabs were dissolved in a solution 
of 0-1 °% peptone, 1 “calgon” (Na hexametaphosphate), 
and 4% Tween 80. (This concentration of Tween 80 
had previously been shown to inactivate fully any 
benzalkonium chloride carried over on the swabs. This 
was tested by spreading a thin layer of swab diluent on 
one half of an agar plate seeded with M. pyogenes var. 
aureus, and assessing inhibition of growth: there was 
none.) When the swabs had completely dissolved, | ml. 
of the solution was added to 100 ml. of molten nutrient 
agar from which five plates were poured. After in- 
cubation at 37°C. for 48 hours the number of colonies 
was counted. 


Results —This test has been repeated on several 
occasions with results similar to the typical values given 


TABLE 1 in Table 2. 
RESULTS OF 21 FINGERTIP IMPRINT TESTS* TABLE 2 
No. of Subjects out of 21 RESULT OF SKIN INOCULATION TEST* 
: Immediately | Half One Two | No. of Bacteria x 10* on | 
Scores | after Hour Hour Hours Each 2 square inch Area | — - 
Application Later Later Later Subj ——| 
4 18 1 o | 0 Application of 
3 3 16 3 0 | Cream (min.) Croom | Crm | Count 
0 3 | 5 -| 
1 0 1 6 16 10 1,746 | 156 91 
0 | 0 0 | 0 0 1 20 2,389 | 88 96 
30 1,478 | 25 98 
*The number of subjects recording each of the scores at various 
time intervals is given. The scores 0 to 4 indicate the degree of ‘ 10 13,016 | 660 95 
inhibition of growth on agar plates as given in the text. - 4 Hh Fn = 
than a score of 3. Despite a gradual fall in activity, 3 & wane 26, py 
until the majority showed only slight inhibition after two 30 8,458 144 98 
hours, none of the fingertips had entirely lost their 10 6,007 329 94-5 
activity after this time. “ All 20 8,899 101 98 
In these tests the occasional presence of organisms 30 7,284 147 sd 


other than those seeded in the plates has been noticed 
in the fingertip imprint area. These were not normal 
skin residents, but were almost always non-pathogenic 
spore-bearing organisms probably picked up on the skin 
during the test period while subjects were carrying out 
their normal laboratory duties. 


(3) Skin Inoculation Test.—This was to demonstrate 
and assess the effect of the cream on large numbers of 
bacteria on the skin before application of the cream. 
The conditions of the test simulated those which would 


exist if the cream were applied to heavily contaminated 
skin. 


Method.—The inner surfaces of three of the forearms 
of subjects were washed with soap and water and swabbed 
with alcohol to remove as many resident bacteria as 


4 


*The skin was covered with a heavy suspension of M. pyogenes 
var. aureus, and, when dry, covered with either the antiseptic or control 
cream. The number of surviving organisms after 10, 20, and 30 
minutes was counted, and the reduction under the antiseptic cream 
compared with that under the control. 


The figures show that 91-95 °% of the organisms placed 
on the skin were killed after 10 minutes and the effect 
tended to increase over a period of half an hour to give 
up to a 98% kill. The presence of a quenching agent in 
the solution in which the swabs were dissolved ensured 
that the germicide in the antiseptic hand cream had acted 
while on the skin and that the effect was bactericidal and 
not bacteriostatic. 

In this test a very large number of organisms was 
applied to the skin in order to exaggerate the probable 
contamination in practice, and moreover the skin was not 
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washed after the organisms were applied and before the 
creams were used. This situation would hardly prevail 
in normal circumstances but was adopted to confirm 
that if, by chance, the cream was applied to a heavily 
infected skin, a large proportion of the bacteria would be 
destroyed in situ. 


(4) Controlled Tests on Workers’ Hands.—These were 
to assess the activity of the cream on the unwashed 
hands of subjects carrying out normal laboratory and 
office duties. 


Method.—As in previous experiments a cream without 
the antiseptic was used as a control. The experiment 
was carried out on five different days over a period of 
about two weeks. Groups of approximately 20 subjects 
who had not washed for at least two hours were used 
on each day, and 0-2 g. of the antiseptic hand cream was 
applied by an operator to one hand of each subject, and 
0-2 g. of the control cream to the other. On each day 
half the subjects had the antiseptic hand cream applied 
to the right hand and the control to the left, while the 
procedure was reversed for the other half of the subjects. 
After the cream had been applied the subjects were 
instructed not to wash their hands for one hour but to 
carry on with their normal laboratory or office duties. 
At the end of an hour the hands were swabbed in a con- 
trolled manner. Swabs made from alginate wool were 
used, and samples were taken by stroking the swabs 
eight times up and down the middle of the back of the 
hand. Immediately after sampling the swabs were 
placed in a solution containing 0:1°% peptone, 1% 
“calgon”, and 4% Tween 80 as a quenching agent. 
Duplicate counts made in “roll tubes”* were carried out 
on the swab diluent. 


Results.—In Table 3 each day’s results on a group of 
approximately 20 subjects have been treated as a separate 


TABLE 3 
RESULTS OF CONTROLLED TESTS ON WORKERS’ 
HANDS* 


Mean Count per Subject | Percentage 
Test Number of |—_——_——_—_,_—_————__|_ Reduction 
Subjects Control Antiseptic in Mean 
Cream Cream Count 
21 5,865 3,154 46 
2 20 2,136 675 68 
3 19 893 $23 41 
4 22 1,794 975 46 
5 20 3,037 2,113 30 
All 102 2,775 1,504 | 46 
95°, confidence limits for mean 63:-4-29-0 


*The number of viable bacteria on the backs of unwashed hands 
treated with either the control or antiseptic cream was counted. 
The figures given are averages for each of the five occasions on which 
the test was carried out together with an overall average for 102 tests 
on each cream. 


test. It will be seen that the antiseptic cream reduced 
the bacterial flora of the hands by an average of 46%. 
This test gave a smaller percentage reduction in mean 
count than previous experiments. This is probably due 
in part to the great variation in the number of organisms 


*Astell Roll Tubes, Lab. Pract., 6, No. 11, 635 (1957). 
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on the skin. This variation occurs not only from subject 
to subject and from day to day but also from the left to 
the right hand and even from one part of the hand to 
another. 

Preliminary experiments had revealed the existence of 
these variations. The 102 comparative counts taken from 
hands treated with the antiseptic or control cream were 
therefore submitted to statistical analysis. 

Significance tests were carried out to determine 
whether the difference in numbers of bacteria on hands 
treated with the antiseptic cream and the control de- 
pended on (a) the subject, (b) the occasion, (c) whether 
the left or right hand was treated with the antiseptic 
cream. 

The tests showed that the difference did not depend 
on any of these, and that by pooling all the results the 
effect of the antiseptic cream was significant at the 
0-05 level. 

Thus the antiseptic cream gave a considerable re- 
duction although this was not as great as in the skin 
inoculation test where the numbers of bacteria on the 
skin were constant and the conditions of test rigorously 
controlled. 


(5) Dermal Toxicity Test.—This was to determine 
whether frequent application of the cream over a period 
of several weeks would cause irritation of, or have any 
observable effect on, the skin. 


Method and Result.—Fifteen subjects applied the 
antiseptic hand cream between 10 and 14 times a day 
for a period of three weeks. Some of the. subjects were 
known to have sensitive skins, which became dry, 
particularly in cold weather, but none showed any sign 
of skin irritation or other effect during this somewhat 
exaggerated experiment. 


Factory Test 


Uncontrolled User Test.—This was to assess the 
acceptance of the cream by factory staff and also to 
determine its efficiency in use. 


Method.—The test was carried out in a food factory 
and dispensers were set up at five different washing 
points. Two dispensers were employed at each washing 
point, one of which contained the antiseptic hand cream 
and the other a standard barrier cream. The test subjects 
were instructed to use either the barrier cream or the 
antiseptic hand cream after washing. The appropriate 
cream was to be rubbed into the hands at the start of 
work, after lunch and tea breaks, and after using the 
lavatory. The tests were carried out over a period of six 
weeks and each day samples were taken from some of the 
subjects using either the antiseptic cream or the barrier 
cream. 

The samples were examined, by plating on MacConkey 
agar, for the presence of coliform organisms which are 
accepted as indicators of faecal contamination. In all, 
90 samples were taken, 45 from subjects using the anti- 
septic hand cream and 45 from those using the barrier 
cream. 


Results.—Coliform organisms were isolated from 
seven out of 45 samples taken from subjects using the 
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barrier cream. On no occasion were coliforms dis- 
covered in any of the 45 samples from subjects using the 
antiseptic cream. This degree of contrast is sufficient 
to indicate with a 95° probability that the differerce 
between the two creams is real. 


Discussion and Conclusions 

There is little doubt that the hands of food 
operatives are a source of pathogenic contamination 
and that in establishments where food which will 
not be cooked before it is eaten, or where food 
wrappings are handled, every precaution should be 
taken to minimize the risks. Facilities for frequent 
hand washing should be provided and the use of 
nail brushes encouraged. Where possible people 
with cuts, sores, or scratches on their hands should 
be debarred from duty, and in instances where the 
use of handling tongs or rubber gloves is considered 
desirable, an antiseptic hand cream should not be 
thought of as a substitute. 

The main functions of an antiseptic cream are to 
reduce the numbers of viable bacteria left on the 
skin after washing and to provide an invisible, 
odourless film on the hands which will prevent the 
transfer of pathogenic organisms. It is an adjunct 
to and not a substitute for normal hygiene routines, 
and may help to reduce chapping which is frequently 
accompanied by superficial infection. 

The tests carried out on the cream under test 
gave the following results :— 

(1) It was active against pathogenic organisms 
likely to be met with in practice, such as M. pyogenes 
var. aureus and S. typhimurium. 

(2) The inhibitory film produced by applying the 
cream to the fingertips remained active for at least 
two hours during which both wet and dry work was 
carried out. 

(3) When applied to skin deliberately con- 
taminated with large numbers of bacteria, the cream 
was bactericidal to over 90° of the organisms after 
10 minutes, and after 30 minutes up to 98% of the 
organisms had been destroyed. 

The bactericidal as distinct from bacteriostatic 
properties of the cream were demonstrated (in 
Experiment 3) by the presence of an inactivator in 
the swab diluent. This showed that the cream acted 
while on the skin, and not after both organisms and 
cream had been removed by swabbing. 

(4) In practical trials, in which the cream was 
applied to unwashed skin bearing its normal flora 
and subjects performed a variety of office and 
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laboratory tasks during the test period, the cream 
considerably reduced the bacterial population on 
the hands when compared with a control cream 
without benzalkonium chloride. 

(5) Dermal toxicity tests designed to reveal skin 
irritation showed that frequent application of the 
cream caused no adverse effects. In fact, such 
applications improved the skin condition of most 
of the 15 subjects. The number of subjects was 
too small to assess the potential sensitizing properties 
of the cream, but as no reference to skin sensitiza- 
tion by benzalkonium chloride could be found in 
the literature, and as over 500 people have used 
this cream for periods of over a year without adverse 
effect, the likelihood of sensitization is small. 

(6) Actual user tests in a food factory showed that 
contamination by faecal organisms was eliminated 
when the antiseptic cream was used, whereas a 
barrier cream without benzalkonium chloride per- 
mitted the survival of E. coli on the hands of several 
workers. 

The activity of the cream is destroyed by washing 
the hands with soap and water but this is not con- 
sidered a disadvantage as the cream is intended for 
use immediately after hand washing and not as a 
substitute. For fullest activity, hands should be 
thoroughly rinsed after soaping and before applying 
the cream, because of the known incompatibility 
between soap and benzalkonium chloride. Traces 
of soap left on the hands do not, however, in- 
activate the cream significantly, owing to the excess 
of benzalkonium chloride deposited on the skin 
when the cream is applied. The cream has been 
well accepted by operatives in large food factories 
during a period of one to two years. 

I am grateful to Unilever Limited for permission to 
publish this work and to the managements of the ice 
cream and meat and handy food factories of T. Wall and 
Sons Limited where the trials were carried out. I also 
thank Mr. E. Green for valuable assistance in the 
statistical interpretation of the results and Mrs. S. F. 
Dunbar, Mrs. J. Branson, and Miss P. Brooks for their 
technical assistance. 
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OIL FOLLICULITIS 


A STUDY OF 200 MEN EMPLOYED IN AN ENGINEERING FACTORY* 
BY 
J. S. FINNIE 
From the Consolidated Pneumatic Tool Company Ltd., Aberdeen 


(RECEIVED FOR PUBLICATION MARCH 31, 1959) 


Occupational skin disease is a problem of major importance in the engineering industry. 
Little is known about the occupational distribution of oil folliculitis and its varying degrees of 
severity. This investigation was undertaken in an attempt to discover which occupations are 
at risk and why. 

The study was conducted at an engineering factory where 200 men, whose daily work brought 
them in contact with mineral oils, petroleum products, or greases, were surveyed. The survey 
comprised a personal interview and clinical examination. The object was to determine the severity 
of the folliculitis and the nature of certain environmental factors which might be associated 
with the development of this condition. 

It was found that in the occupations of capstan lathe operator and automatic lathe operator 
there was a significantly higher proportion of men with the more severe degrees of oil folliculitis. 
It was also demonstrated that in these occupations men were exposed to oil to a significant degree. 
The apparent inefficiency of personal hygiene as a preventive measure was thought to be due to 
insufficient cleansing so that oil was not properly removed from the skin. This type of occupational 
skin disease will remain prevalent until machines can be so designed as to eliminate or reduce 


contamination of the workers’ skin by oil. 


Occupational skin disease (occupational der- 
matitis) affects workers in many different jobs, and 
is caused by numerous agents used in industry. The 
engineering industry is one of the largest, and the 
majority of its employees are exposed to contact 
with mineral oils, petroleum products, and greases. 
These oils are probably the commonest causes of 
occupational skin disease. Oil folliculitis seldom 
causes absence from work, but it is possible that 
prolonged exposure to oil may result in epithelio- 
matous change. It is clear from published work on 
occupational skin disease that the potentiaily serious 
nature of the problem is appreciated by legislators, 
employers, and dermatologists. 


Aetiology of Oil Folliculitis 
The main points to be evaluated are (1) the skin, 
(2) the oil, (3) the occupation, and (4) personal 
hygiene. The two main theories of aetiology which 


*An abridged version of the essay that was awarded the Occu- 
pational Health Prize of the British Medical Association in 1959 and 
based on a thesis for the Doctorate in Medicine of the University of 
Aberdeen. 


have been advanced are: (a) Schwartz's (1941), the 
“mechanical” theory, which attributed the develop- 
ment of the condition to the follicular openings 
becoming plugged with oil and dirt. This leads to 
retention of glandular secretions and stimulates the 
formation of keratin. (Comedones subsequently 
develop on a background of inflammatory reaction. 
(b) Whitwell’s (1943) is the “‘chemical”’ theory, based 
on experimental work, in which he found that the 
application of cutting oil to the papules of oil 
folliculitis increased their size; protection from oil 
led to a diminution in size. From this Whitwell 
concluded that chemical irritation was the primary 
cause of the condition. In his opinion, this theory 
explained the marked difference in the relative 
toxicity of oils; crude cutting oils were found to be 
much more hazardous than high-grade lubricating 
oils. 

Neither theory is completely acceptable. Schwartz 
disregards the composition of the oil as a factor of 
any importance, and Whitwell, who seems nearer 
to the truth, appears to suggest that the irritant 
effect of cutting oil is purely a surface one. How- 


ever, his chemical theory merits further study, 
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especially in relation to O’Brien’s work (1950) on 
the mechanism of poral closure. O’Brien’s in- 
vestigations were mainly concerned with miliaria 
rubra and the pathology of the sweat pores, but some 
of his conclusions may well apply to the pilo- 
sebaceous follicles. O’Brien suggested that poral 
closure appeared to be a common reaction of the 
skin, even in cool climates, and was in many 
instances misdiagnosed as “heat rash", “sweat 
rash”, “‘occupational”, or “contact’’ dermatitis. 
From experimental observations O’Brien concluded 
that lipoid solvents had a special proclivity to enter 
and promote inflammation within the sweat pores 
and pilo-sebaceous follicles. This theory of 
causation tends to confirm Whitwell’s. 

The sequence of events in oil folliculitis appears 
to be (a) an initial chemical irritation of the pilo- 
sebaceous apparatus, followed by (5) a mechanical 
blocking of the pores by keratin plugs. 


The Skin.—The most vulnerable parts of the skin 
are the openings of the ducts and follicles, through 
which chemical irritants may enter. The defences 
against external irritants are the cells of the stratum 
corneum, the glandular secretions, and to some 
extent, autogenous disinfection, which has been 
studied by Burtenshaw (1948). 

The type of skin has also attracted the attention 
of workers in this field. Alderson (1918) considered 
that a person whose skin was congenitally defective, 
particularly in the outer layer, was much more liable 
to develop occupational skin disease than one with 
a normal epidermis. Schwartz and Peck (1943) 
emphasized that individuals with excessive hair on 
the arms and legs and a greasy skin were more likely 
to develop acne-type lesions and folliculitis; those 
with a smooth, hairless skin were less prone to 
develop comedones. 

Several workers, in discussing contributory causes 
in the development of oil folliculitis or associated 
conditions, have included conditions vague in 
terminology, such as personal idiosyncrasy, allergy, 
and predisposition (Dept. of Scientific and Industrial 
Research, 1918; Scott, 1922; McLachlan, 1922; and 
Schwartz, 1941). These terms appear to be confus- 
ing, and perhaps it would be simpler to regard them 
collectively as examples of hypersensitivity. An 
extract from Schwartz, Tulipan, and Peck (1947) 
sums up the situation: 


“Undoubtedly deficiencies in the defence mechanism 
of the skin render it more vulnerable to the action of 
primary irritants, but those having physiological, 
anatomical, or traumatically inflicted defects of the 
skin are hypersensitive. Such a hypersensitivity is 
not specific, and the resulting dermatitis is due to the 
chemical or physical action of the chemical on that 
particular portion of the skin.” 
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The Oil.—Oil folliculitis and acne are usually 
more evident in individuals who work with insoluble 
cutting oils (Schwartz and Barlow, 1942; Schwartz 
and Peck, 1943). There has been a tendency to 
minimize the effects of soluble cutting oil, mainly on 
the supposition that, because the oil is diluted to 
1/40 or 1/50 with water, its tendency to induce oil 
folliculitis is correspondingly reduced. The range 
of oils employed in any one factory may be ex- 
tensive. Thus, the nature of two insoluble and one 
soluble cutting oils in standard use at the factory 
where the present investigation was conducted is as 
follows :— 

(a) A is an insoluble cutting oil, comprising a 
blend of a light mineral oil with 12°% sulphurized 
fatty oil base. The base is essentially sperm oil, 
carrying 16° of combined sulpiur. Sp. gr. at 60°F. 
0-898 and viscosity at 70°F. 303 seconds. 

(b) B is an insoluble cutting oil, a mixture of low 
viscosity mineral oil and 11°% of a chlorinated fatty 
oil. Sp. gr. at 60°F. 0-860 and viscosity at 70°F. 
31 seconds. 

(c) C is a soluble cutting oil, giving a semi-clear 
type of emulsion with water (1/40 or 1/50). Basic 
constituents are light hydrocarbon oils, emulsifiers 
consisting of petroleum sulphonates, and soaps of 
rosin and fat. Viscosity at 70°F. 150 seconds. 

It has been one of the objects of the present in- 
vestigation to determine whether there is an asso- 
ciation between exposure to soluble or insoluble oil 
and the development of oil folliculitis. 

The oils were not sterilized. Each machine has a 
filter unit built in as part of the oil supply system 
and there is no regular routine of changing oils. 
The reason for this is that there is a considerable 
wastage of oil during machining operations, and the 
oil reservoir of each machine is topped up several 
times weekly. 


The Occupation.—In a typical engineering factory 
there is a wide range of jobs concerned with the 
machining and processing of metals. The types of 
machines employed are either automatic or under 
the control of a machine tool operator. In the 
factory where this investigation was conducted, the 
machine-shop contained automatic lathes, capstan 
lathes, centre lathes, milling machines, vertical 
drilling machines, and grinding machines. 

Automatic lathe employees are exposed only to 
insoluble oils, and operators of the remaining 
machines may be exposed either to soluble or in- 
soluble oil only, or to a combination of both. The 
nature of the exposure depends on the type of metal 
being machined, and the degree of finish required. 
In practice, it is difficult to assess accurately whether 
a man has had greater exposure to one or other type 
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of oil. A few workers, because of their skill and 
speed, may be engaged exclusively on one par- 
ticular type of operation which requires only one 
oil. The majority are exposed to both soluble and 
insoluble oils, in variable proportion. It has been 
suggested that the most severe and continuous skin 
contamination occurs at automatic lathes where a 
series of operations is performed without removal 
of the metal (Cruickshank and Squire, 1950). In 
these machines the work is done at very high speeds, 
requiring large amounts of coolant (in the author’s 
experience, always insoluble oil), and frequently 
causing much oil spray to disperse into the 
environment. 

The duration of exposure may be important. 
Thus, Scott (1922) in a study of paraffin workers 
expressed the opinion that length of service was of 
considerable importance in determining the nature 
of the skin lesions. Pustular dermatitis was often 
encountered in employees with less than two weeks’ 
service, and epitheliomatous conditions were only 
found in those with many years of exposure. 
Whitwell (1943) observed that as short an exposure 
as two weeks could produce an oil folliculitis, whilst 
Cruickshank (1950) noted that some of his cases 
occurred in workers with less than six weeks’ 
exposure. 


Personal Hygiene.—A relationship between oil 
folliculitis and personal hygiene, or rather the lack 
of it, has been suggested by numerous writers, for 
example, Lewin (1888), Scott (1922), McLachlan 
(1922), and Schwartz (1942). The cleanliness of 
man, machine, and environment must be considered 
in establishing what relationship, if any, exists 
between hygiene and the development of oil follicu- 
litis. Cruickshank (1948) showed that skin con- 
taminated with cutting oil, when washed with soap 
and water so as to be “socially” clean, gave con- 
clusive evidence of unremoved oil when examined 
under ultra-violet light. 

Although there is little experimental evidence of 
the importance of personal hygiene, it is usually 
regarded as a factor of some importance in the 
aetiology of oil folliculitis. Personal hygiene has 
therefore been studied in the present investigation. 


The Prevalence of Oil Folliculitis 


In a survey of three large Birmingham factories 
Cruickshank (1950) reported that over 80°% of the 
employees had oil folliculitis and that men of every 
age and exposure group were equally affected. 
There are no other recent British surveys for com- 
parison, but Morris and Maloof (1952) in Massa- 
chusetts considered the incidence of cutting oil 
dermatitis to be as high in 1951 as in 1943, account- 
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ing for 15° of all industrial dermatoses. Anderson 
(1953) noted that in California 14,777 cases of 
occupational disease were reported in 1951; 54% 
of these were dermatoses, and over 50% of these 
dermatoses were due to oils, greases, solvents, and 


chemicals. These studies were not concerned with 
environmental exposure within the engineering 
industry. 


Klauder (1943) investigated the importance of 
mineral oils in the causation of certain occupational 
dermatoses. This is the only survey in which 
attention was directed to the variable incidence in 
different groups of machine-tool operators; and 
also the only one in which the different grades of 
severity of oil folliculitis were defined. Klauder’s 
series of 527 cases included 45 in which petroleum 
products were thought to be responsible; in this 
group 36 workers were considered to have oil 
folliculitis. This study suggested that certain 
occupations were more hazardous than others in 
respect of the risk and severity of oil folliculitis. 
The majority of the more severe cases had been 
exposed to oil for at least one year. Apart from 
this there was no correlation between duration of 
exposure and degree of oil folliculitis. Some of 
those with normal skins had been exposed for 
20 years, which suggests that there may be a pre- 
disposition in some people. 


Method of Survey 

The survey was designed to assess the relationship 
between oil folliculitis and some possible contributory 
causes. In particular it sought answers to these 
questions: (1) Is one job more hazardous than another? 
(2) Are the type and degree of oil exposure of im- 
portance? (3) Does personal hygiene reduce the risk of 
oil folliculitis? (4) Is there any danger of malignancy ? 

The survey was conducted during the period 1956-57 
at the Aberdeen factory of the Consolidated Pneumatic 
Tool Company Limited. In this factory about 550 
persons are employed, and approximately 250 of these 
are exposed to contact with cutting fluids. At the 
outset it was decided to exclude from the survey female 
machine tool operators and apprentices. There remained 
200 men available for study. 

A case-sheet was constructed for each man. On one 
side of the sheet were recorded particulars of the occupa- 
tion, previous work history, and home environment. 
The reverse side contained details of the sickness record 
and the results of the clinical examination. The survey 
occupied six months. Each occupational group was 
surveyed completely before investigation of members of 
a different group. At interview, information was sought 
concerning age, duration of exposure, previous history 
of dermatitis, home washing facilities and method of 
use, the occupation, the oils used, and preventive 
measures. Information concerning previous skin history 
at work was extracted from the sickness record cards and 
entered on the survey form. 
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Clinical Examination 


The examination was confined to the extensor surfaces 
of the forearms from elbow to wrist. Before examination 
these surfaces were washed with soap and water. As well 
as naked-eye inspection, the skin of each arm was 
subjected to close scrutiny with a Wood’s lamp. An 
original intention had been to attempt to correlate the 
intensity of fluorescence on the skin with the degree of 
oil contamination. This, however, proved impracticable, 
principally because of the large number of men who had 
been exposed to contamination by mixed oils. The most 
useful purpose of the lamp was to check the cleanliness 
of the skin, and a more detailed report of its experimental 
application is given later. 

Workers were classified into various categories accord- 
ing to the severity of the skin lesions. The extensor 
surface of the forearm was divided into six compartments 
thus :— 


Fic. 1.—Rating 0: completely clean skin with no comedones 
or other evidence of oil folliculitis (Group A). 


LEFT RIGHT 


Fic. 2.-Rating 2: comedones only, moderate in inten- 
sity and involving from three to six compartments in 
either arm (Group B). 


At the time of examination the distribution of 
j comedones and their intensity were marked in a diagram 
and the papules, or other lesions, were allocated to the 
appropriate compartments. This method was applied 
to the entire group of 200 men, and the diagrammatic 
“*skin pictures” were closely studied and graded according 
to the severity of the folliculitis. Six ratings of severity, 
0-5, were decided upon. 

A Kodak “specialist” camera was used, with Kodak 
0-800 ortho plates. For the series of plates illustrating 
skin ratings, photoflood lighting was employed, camera 
distance 42 in. from the skin, aperture f32, exposure time 
0-5 second. For the series of plates demonstrating oil 
fluorescence on the skin, the source of light was a Wood’s 
lamp. Camera distance from the skin 30 in.; a Wratten 
2B filter was used. Exposure time 150 seconds, aperture 
Sf 5-6. 

To reduce observer error the survey forms were 
allocated to the appropriate rating by studying only the 


Fic. 3.—Rating 3: moderate comedone involvement of 
one to six compartments, and not more than three 
diagrammatic representation of the skin condition as papules or pustules on either arm (Group C). 


| 


134 


recorded at the time of examination. The forms, 
numbered 1-200, were examined in a random fashion 
on three occasions in one week: no reference was made 
to the name, occupation, duration, or type of exposure. 
Consistent accuracy was found in the classification of 
employees according to their skin ratings. 


Results 
Occupational Risk of Oil Folliculitis.—The skin 
ratings were combined in pairs, 0 and 1, 2 and 3, 
and 4 and 5. This provided three groups, A, B, 
and C (Figs. 1-3), which were defined as: 
Group A—minimal evidence of oil folliculitis 


Group B—moderate evidence of oil folliculitis 
Group C—marked evidence of oil folliculitis. 


The wide range and variety of different jobs 
suggested a possible correlation between occu- 
pation and risk of oil folliculitis. In some occu- 
pations, such as inspection, there was little exposure 
to oil, other than as a result of handling small oil- 
contaminated components. Other occupations, for 
example, capstan-lathe operation, drilling, and 
automatic-lathe operation, subjected the worker to 
much heavier contamination, especially with oil 
under pressure. It was also apparent that work at 
certain machines, such as capstan lathes and auto- 
matic lathes, exposed the skin to much frictional 
contact with oil-soaked machinery; this was an 
unavoidable accompaniment of frequent manual 
adjustment of component and cutting tool. 

In the tables which follow, the occupations are 
referred to by a numerical code set out below. 


OCCUPATIONAL CODE 
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Table 1 gives the distribution of oil folliculitis by 
occupation. Although the numbers in some occupa- 
tional groups were small it was possible to deter- 
mine whether, in fact, some occupations tended to 
carry an increased risk of the more severe degrees 
of oil folliculitis. 

In occupations 5 and 8 there was a significantly 
higher proportion of men with moderate and marked 
oil folliculitis. Occupation 3 also contained a 
higher proportion of men with the more severe 
degrees of folliculitis, but the numbers were in- 
sufficient for statistical confirmation. In occupa- 
tions 1, 2, 4, and 9-16, there was a high proportion 
of men with minimal evidence of oil folliculitis. 
This pattern of distribution suggests that in the 
occupations of driller, capstan-lathe operator, and 
automatic-lathe operator, there is an increased risk 
of developing oil folliculitis. 


Age and Duration of Exposure to Oil.—In pre- 
viously published work there has been a tendency 
to regard oil folliculitis as a dermatosis incidental 
to exposure to oil, which is more or less liable to 
occur in any worker handling a machine tool. On 
the assumption that the risk of oil folliculitis is 
unrelated to occupation, the more severe degrees of 
this occupational skin disease might be expected to 
occur in those workers with the longest exposure to 
oil, and men of older age groups might be expected 
to show the largest incidence of marked oil 
folliculitis. Table 2 shows that this is not so. 

In those occupations, 3, 5, and 8, which are 
suspected of carrying an increased risk of oil follicu- 
litis, the average age is less than in most of the other 
occupational groups. The average duration of 


1 Inspector 
2 Fitter. exposure for these occupations is also shorter than 
the average exposure of men in the other groups. 
5 Capstan-lathe operator These findings suggest that duration of exposure 
entre-iatnhe operator e 
. Miller ” to oil is not of much importance in the development 
: oe operator of oil folliculitis. Susceptibility to this occupational 
10 Sheet metal worker dermatosis does not appear to increase with age. 
il Heat treatment worker 
12 Oil storeman It is possible that men of advancing years, who had 
. oo. experienced occupational skin diseases, might have 
15 Tool maker sought other employment in work with little or no 
16 Welder 
exposure to oils. This has not been the case as far 
TABLE 1 
DEGREE OF OIL FOLLICULITIS BY OCCUPATIONAL GROUPS 
Rating | No. of Men in Occupations 1-16 
Folliculitis ! 2 3 4 5 6 7 8 9-16 Total 
B Moderate 2 10 7 8 31 6 7 a 6 77 
C Marked 6 7 7 7 15 i 6 6 1 56 
n=2 n=2 | n=2 n=2 n } 2 }_n=2 | n=2 n=2 | 
P=010 | P=020 | P=030 | P=0:30 | P=001 | P=0:20 | P-095 | P=001 | P=2 | 
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TABLE 2 
AGE AND DURATION OF EXPOSURE OF MEN IN DIFFERENT OCCUPATIONS 
Occupations 

Average age (years) 42-5 423 407 “28-2 345 345 33-3) 44 
Average duration of exposure 

(years) 25:8 24-0 5-4 85 89 160 | 158 aS}. 

as experience in this factory is concerned. No man 3, 5, and 8. In occupation 1, the tendency towards 


has left his employment, or been transferred to 
other work within the factory, on account of oil 
folliculitis since 1955. 

There is no evidence to suggest thet increasing 
duration of exposure to oil renders the skin resistant 
or “immune” to the development of folliculitis. 
Indeed it may be that one episode of folliculitis 
increases the susceptibility of the skin to the dele- 
terious effects of cutting fluids. The fact remains 
that occupations 3, 5, and 8, with relatively short 
exposure to oils and using young workers, carry an 
increased risk of workers developing the more 
severe degrees of folliculitis. 


Degree of Oil Exposure.—Observation in the 
factory suggested that an approximate estimate of 
oil exposure could be made and classified as light, 
medium, and heavy. The occupations were classified 
as follows :— 


(b) Medium ....2, 4, 6, and 7 
(c) Heavy ...... 3, 5, and 8 


Subsequent discussion with the works superintendent 
and several department foremen confirmed this 
assessment. 

Table 3 gives the degree of oil exposure according 
to occupation, as assessed by the men themselves. 


overestimation may be due to the fact that the 
majority of men employed on inspection had 
previous machine tool experience, for example, as 
capstan-lathe operators, drillers, or grinders. This 
may explain the high percentage of inspectors 
(occupation |) who regarded the degree of ‘their 
exposure as “medium”’. 


Type of Oil Exposure.—The marked variation in 
the physical characteristics of the oils used in the 
factory for different machining processes suggested 
a possible connexion between the degree of oil 
folliculitis and the type of oil exposure. The 
extreme viscosity of some insoluble cutting oils was 
regarded as a most undesirable feature, and one 
which could only damage the skin. 

Table 4 gives the type of oil exposure in the high- 
risk occupations. The one significant feature in 
this table is the fact that all six men employed on 
the automatic lathes had marked oil folliculitis and 
had been exposed predominantly to an insoluble 
oil, A. This oil is the only one used on the auto- 
matic lathes. By contrast, several insoluble oils 
are in use on the capstan lathes and drills, where 


TABLE 4 
TYPE OF OIL EXPOSURE IN HIGH-RISK OCCUPATIONS 


In occupations 3, 5, and 8, there was a tendency on bi gd Fe 
the part of the machinists to underestimate their Exposure 3 5 8 Others 
degree of exposure, although there was a statistic- sojubieois «|. — ##2& 33 
toni H i Insoluble oils - 5 6 3 1 
ally significant excess of oil exposure in these 3 
dence of the extra risk attached to occupations we 
TABLE 3 
MEN’S OWN ASSESSMENT OF DEGREE OF OIL EXPOSURE IN DIFFERENT OCCUPATIONS 
Degree of No. of Men in Occupations 1-16 
Ol Exposure 2 3 4 5 Total 
Medium 9 14 10 13 37 6 16 2 4 iit 
Heavy 3 7 10 4 1 27 
i n=2 n= | n=2 n=2 n=2 | n=2 n=2 n=2 | n=2 
P-010 | P=-001 | P < 010 P<005|P-050 P-010 P-O001 | | 
> 
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there is a high proportion of men exposed to both 
soluble and insoluble oils. The large number of 
men exposed to mixed-oil contamination precludes 
any definite conclusion being drawn from the 
evidence presented in this table. But it is possible 
that the extreme viscosity of oil A contributes in 
some measure to its ability to induce occupational 
skin disease. 


Skin Cleanliness.—It is often considered that 
close attention to personal hygiene effects a re- 
duction in the incidence of occupational skin disease. 
Bearing in mind the characteristics of some mineral 
oils, it was decided to try to determine the pre- 
ventive role of personal hygiene. A study was made 
of the range of washing facilities available to the 
workers, both in the factory and at home. It does 
not follow that a man’s skin is always clean because 
his home washing facilities are excellent, and the 
converse of this is also true. However, an index of 
home washing facilities was constructed in the 
following manner :— 


Class A those men who had a bathroom with 
bath, and running hot and cold water 

Class B those men who had only wash-basins 
with running hot and cold water 

Class C those men who had indoor or outdoor 


wash-basins, but no running hot water 
available 


The distribution of workers according to this index 
is shown in Table 5. 


TABLE 5 


HOME WASHING FACILITIES ACCORDING TO 
OCCUPATIONAL GROUPS 


Home No. of Men in Occupation Code Nos. 
Washing —' Toral 
Facilities 3 5 8 Others 
ClassA 9 37 5 61 — 
Class B 3 7 — 17 27 
Class C 5 il 1 44 61 
‘Total 122 200 


Table 5 reveals that in the high-risk occupations 
(3, 5, and 8) 65% of the men had adequate access to 
baths and running hot water; this figure is somewhat 
better than that for the men in low-risk occupations 
with little oil folliculitis. Whether satisfactory use 
was made of the available washing facilities could 
not be determined, but the figures suggest that the 
provision of baths and hot water is not sufficient to 
prevent the development of oil folliculitis. 


Previous History of a Dermatosis.—The suggestion 
that a previous history of skin disease, either 
occupational or non-occupational, renders a person 
liable to a subsequent occupational dermatosis, has 
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already been mentioned. This point is examined 
more closely in Table 6. 


TABLE 6 
PREVIOUS SKIN HISTORY OF MEN IN DIFFERENT 
OCCUPATIONS 
Previous No. of Men in Occupation Code Nos. 
History 3 3 8 Others 
Previous 
occupational | 12 17 6 16 51 
dermatosis 
Previous non- 
occupational --- 2 | 3 
dermatosis | 


In the high-risk occupations there was a high 
incidence of previous occupational dermatosis. The 
number of acute episodes experienced by each man 
varied from one to seven during the period of three 
years for which sickness record cards were available. 
These figures emphasize the chronicity of oil 
folliculitis in those men engaged in the high-risk 
occupations. The importance of a previous history 
of non-occupational skin disease could not be 
elucidated in view of the small number of men who 
owned to having experienced such a condition. 
Nevertheless, the data suggest that oil folliculitis is 
a recurrent disorder in those who work in the 
high-risk occupations. The possible consequences 
of this chronicity are discussed later. 


Barrier Cream.—For 12 months before the start 
of this study, a proprietory cream had been freely 
available to all men working in the factory machine 
shop. I was always doubtful whether this prepara- 
tion was much used, and also whether it was of value 
as a preventive measure. 


TABLE 7 
USE OF BARRIER CREAM BY OCCUPATIONS AT RISK 


No. of Men in Occupation Code No. | 


Barrier —— Total 
Cream 3,5, &8 Others 
Used 
Not used 45 103 148 


Much greater use was made of barrier cream in 
the high-risk occupations. It is possible that the 
men who worked in high-risk occupations appre- 
ciated the dangers of excessive oil contamination. 
This contamination was not associated with the 
low-risk occupations, in which fewer men were 
habitually using barrier cream. The men who made 
most use of the cream were those with the highest 
incidence of folliculitis, which does not suggest that 
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the cream was of much value as a preventive 
measure. 

It is concluded from these results that: (a) An 
increased risk of oil folliculitis is associated with 
certain occupations; (5) the degree and type of oil 
exposure are closely related to the severity of the 
oil folliculitis; (c) the importance of personal 
hygiene, including the use of barrier cream, has not 
been established. 

In order to discover why personal hygiene ap- 
peared to be ineffective as a preventive measure, the 
following experiment was conducted. The object 
was to show photographically whether mineral oil, 
as used routinely in the machine shop, could be 
removed from contaminated skin. The method, 
first described by Cruickshank (1948), was based on 
Fic. 4 the property possessed by certain mineral oils of 
fluorescing in the presence of ultra-violet light; the 
source of light was a Wood’s lamp as described 
above. My own left arm, previously washed with 
soap and water was photographed (Fig. 4). 

A square, 2 in. 2 in., on the extensor surface of 
the arm was then painted with a wool-applicator 
moistened with a mineral oil. The result is shown 
in Fig. 5. 

The arm was then washed vigorously with soap 
and water for 15 seconds and the effect of this 
method of cleaning is shown in Fig. 6. Numerous 
pinpoints of fluorescence were present under ultra- 
violet light, indicating that oil was still present on 
the skin, and in the follicles. 

The square on the arm was then repainted with 
the same oil, and then washed with a patent in- 
dustrial skin cleanser for 15 seconds. 

Washing with soap and water failed to remove 
Fic. 5 the oil effectively from the skin and appears to be 

inadequate to prevent oil folliculitis. 


Discussion 
The questions posed under “‘Method of Survey” 
above will now be considered. 


(1) Is One Job More Hazardous than Another?— 
The small number of employees studied in this 
investigation makes it impossible to be dogmatic 
about interpretation of the results. Nevertheless, 
the analysis of the collected data suggests that 
machine tool operators employed on drilling 
machines, capstan lathes, and automatic lathes are 
more likely to develop oil folliculitis than other 
workers in the machine shop. 

The existence of high- and low-risk occupations 
among machinists does not seem to be widely 
recognized. A search of the literature failed to 
discover any investigation, other than that of 
' Fic. 6 Klauder (referred to earlier), which compared the 
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relative incidence of oil folliculitis in different 
occupational groups. 


(2) Are the Type and Degree of Oil Exposure of 
Importance?—-As far as the type of exposure is 
concerned, little of value emerges from the data 
collected. All six automatic lathe operators pre- 
sented with a marked degree of oil folliculitis, and 
were known to have beer exposed consistently to 
one type of oil, which may have been a significant 
factor in the causation of occupational dermatosis. 
This oil is an extremely viscous substance; the 
viscosity may be regarded as an index of toxicity. 
It is theoretically possible that adhesion of the oil 
to the skin allows more prolonged interaction be- 
tween the skin and any irritants in the oil. It is my 
opinion that exposure to this type of very viscous 
oil, under the conditions which exist at automatic 
lathes, is an important contributory cause of oil 
folliculitis. 

The degree of oil exposure has not been assessed 
in any previously published work on oil folliculitis. 
This is probably due to the difficulty of estimating 
the extent of oil contamination. The presence of 
mineral oil on clothing or skin can be detected by 
its fluorescence in ultra-violet light, but there is so far 
no suitable apparatus for quantitative estimation 
applicable to mixed-oil contamination. In the 
absence of such an instrument, it is necessary to rely 
on simple but crude methods of assessment. 

In the factory machine shop it is obvious even to 
an unskilled observer that there are two extremes 
of oil exposure, described as light and heavy. Light 
exposure may be defined as the minimal contamina- 
tion experienced by those employees whose work 
involves mainly handling oily components, or the 
operation of machines where the daily contact 
between cutting fluid and skin is brief. 

Heavy exposure is that which is sustained by those 
who work more or less continually at machines 
where cutting speeds are high, oil flow is heavy, and 
daily contact between skin and cutting fluid is long. 

To disregard this great variation in degree of oil 
contamination would be unwise. Basically, these 
cutting fluids are irritants, and it seems reasonable 
to assume that the greater the concentration of 
irritant upon the skin, the greater the risk of oil 
folliculitis. The evidence presented in the previous 
section confirms this assumption. 


(3) Does Personal Hygiene Reduce the Risk of Oil 
Folliculitis?—Cleanliness of the machines and 
working environment, while desirable, is difficult to 
attain. The working speed of many machines is 
high and, as a result, cutting fluid is splashed in all 
directions, contaminating static parts of machinery 


and attendant workers. Certain jobs involve the 
machinists in frequent manual adjustment of con- 
trols or workpiece, to reach which necessitates 
frictional contact between oil-soaked machinery and 
the skin. This is a difficulty which cannot be easily 
surmounted with the present design of machines. 
In an attempt to reduce oil contamination, splash- 
guards should be fitted to the machines wherever 
possible; these guards can effectively reduce the 
amount of oil deflected from the edge of the cutting 
tool, and afford some measure of protection for the 
workers. Regular degreasing of equipment is part 
of every maintenance programme, and in this 
operation, attention must be paid to the oil supply. 
The oils may require frequent changing and filtering 
to combat rancidity, deterioration, and excessive 
sediment. 

To reduce oil contamination of workers is in 
theory a relatively simple matter. Protective gar- 
ments, including aprons, armlets, leggings and visors, 
made of various synthetic materials have been 
designed. But despite adequate provision of pro- 
tective clothing, there is a remarkable disinclination 
on the part of the average worker to avail himself of 
these facilities. The relative inefficiency of soap and 
water as cleansing agents was demonstrated in 
Figs. 4-6. Only a minute amount of oil, certainly 
less than 1 ml., was required to provide such 
evidence, and the effects of widespread oil con- 
tamination may be considerable. Out of 200 men 
interviewed and examined, fewer than 20 used a 
freely available patent industrial skin cleanser as 
part of their daily personal hygiene. As the use of 
this cleanser was the only efficient method of re- 
moving oil from the skin, it follows that in about 
90° of the men the skin was never completely free 
from oil. This fact is of major importance. 

A barrier cream may be defined as a cream 
applied to the skin before beginning work to protect 
the skin from the injurious effects of irritants and 
to facilitate cleansing. There are two main types of 
barrier cream available for use: (a) water soluble 
and (4) water insoluble. In the engineering industry 
it is essential that the cream should not be soluble 
in cutting fluids, and this is a difficulty not easily 
overcome. 

As early as 1922 Scott suggested that the occupa- 
tional dermatoses of paraffin workers might be less 
troublesome if some form of protective application 
to the skin were to be employed. In this instance, 
semi-crude castor oil was the choice. More recently, 
Kiauder, Gross, and Brown (1940) conducted a 
survey of workers suffering from occupational 
dermatitis, inquiring especially about personal 
washing habits, the type of soap and cleanser used, 
the frequency of washing, and the use of emollient 
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or protective creams. Their subsequent recom- 
mendations were that any protective medicinal 
application should be sufficiently adherent so that 
it was not easily rubbed off, and yet was readily 
removable by washing at the end of the working day; 
objectionable features, such as excessive greasiness, 
stickiness, or drying, should not be present, and the 
ingredients should have no sensitizing capacity. 

To produce a protective cream with all these 
desirable properties has been, for some years, the 
objective of many manufacturing chemists. How- 
ever, a first impression that this was to be the answer 
to the problem of occupational skin disease was 
soon amended as the result of a memorandum by 
the Factory Department, Ministry of Labour and 
National Service (1946), in which it was emphasized 
that no completely effective barrier cream had been 
developed for use in the engineering industry. 
This was soon followed by a_ report from 
Cruickshank (1948) who investigated the efficiency 
of many of the barrier creams then available to 
industry. All the creams tested permitted penetra- 
tion by oil if contamination was of one hour or 
longer. This study by Cruickshank clearly exposed 
the limitation of barrier creams, and indicated that 
to be of any real value in the engineering industry, 
frequent application was essential. A more recent 
development has been the introduction of silicone- 
containing creams which may be effectively resistant 
to oil penetration for much longer periods. Their 
widespread use in the engineering industry at present 
is precluded by expense. 


(4) Is There Any Danger of Malignancy?—Only 
rarely does oil folliculitis cause absence from work; 
only two men in the group studied lost working 
hours on account of this occupational disorder 
during the past three years. The most important 
reason for prevention is therefore the possibility of 
malignant skin change. As early as 1922 Scott 
described skin cancer in paraffin workers, and his 
findings were fully confirmed by Leitch (1922). The 
carcinogenic property of mineral oils was investigated 
by Twort and Twort (1931), and as a result of their 
experiments on mice, they concluded that the heavier 
grade oils were less potent than spindle oils; it 
was also suggested by these workers that the 
fluorescence of oils might be related to their car- 
cinogenic potency. More recently the work of 
Cruickshank and Squire (1950) on cancer of the 
skin from the use of mineral oils in the engineering 
industry has confirmed that the hazard of skin 
cancer in certain jobs in engineering does exist. 
Their evidence was drawn from: (a) Observation 
of workers in an automatic machine shop; 
(b) analysis of records of patients with scrotal 
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cancer reported to the Birmingham United Hospitals 
(1939-48); (c) production of tumours in animals 
by painting the skin with a sample of cutting oil 
from automatic machine shops. 

The skin lesions encountered were classified in 
two groups: (1) oil folliculitis and (2) hyper- 
keratoses similar to those found in tar workers and 
mule spinners. 

Warts were observed in 33° of 138 workers, 
and it was noted that the percentage of men affected 
rose steadily with increasing duration of exposure. 
Over 50° of those workers with more than 15 years 
of exposure showed evidence of these pre-malignant 
skin lesions. 

The present study has not provided any con- 
firmation of the occurrence of skin cancer in those 
workers exposed to a variety of cutting oils. None 
of the 200 men in the study showed any evidence of 
pre-cancerous or malignant skin lesions. The ex- 
planation for this may be that the majority of men 
in the high-risk occupations have not been exposed 
to oils for long enough; the factory has been 
engaged in production for less than 10 years. 

The work of Cruickshank and Squire (1950) 
suggests that the prevention of oil folliculitis is of 
extreme importance. In this respect, the recom- 
mendations of the Annual Report of the Chief 
Inspector of Factories on Industrial Health (1958) 
may be summarized as follows:— 

(a) Replacement of irritant materials by non- 

irritants where possible. 

(b) Selection of workers so that those whose 
skins are vulnerable to potential skin 
irritants are excluded. 

(c) Reduction of contact between irritant and 
worker to a minimum. 

(d) Regular medical inspection of those exposed 
to contamination by irritants. 

(e) Establishment of adequate cleansing facilities. 
It was shown above that a suitable skin 
cleanser effectively removed oil from the 
skin. 

The prevention of oil folliculitis remains essentially 

a problem for the engineer. Until machines are so 
designed that contact between cutting coolant and 
operator’s skin cannot take place, this type of 
occupational skin disease will continue to occur. 


I have received much helpful advice and criticism 
from various sources, and am especially indebted to 
Dr. I. M. Richardson, of Aberdeen University (Depart- 
ment of Social Medicine) for an introduction to industry, 
general guidance and advice; the management of the 
Consolidated Pneumatic Tool Company Limited, for 
permission to make the study; Mrs. E. Sinclair, of the 
Consolidated Pneumatic Tool Company Limited, for the 
photographs. 
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THE JANUARY (1960) ISSUE 


The January (1960) issue contains the following papers :— 


A Clinical and Environmental Study of Byssinosis in the Lancashire Cotton Industry. By S. A. Roach and R. S. F. 


Schilling 


A Survey of Small Factories. By Margot Jefferys and C. H. Wood 
Studies on the Nature of Silicosis: A Suggested Mechanism of Fibrogenesis. By P. F. Holt and C. W. Went 


Changes in the Lung Lipids of Rabbits and Guinea-pigs Exposed to the Inhalation of Silica Dust. 


L. W. Marasas 


Drug Treatment of Experimental Silicosis. By Dinah M. James, T. G. Morris, and J. Marks 
A Comparison of the Emotional Stability of Coal-miners and Railwaymen. By Judith S. Lion 
The Development of Rotary Nystagmus in the Cat as a Function of Age. By N. E. Loveless 


A Study of Heat Stress in Extremely Hot Environments, and the Infra-red Reflectance of Some Potential Shielding 


Materials. By Charles E. Lewis, Richard F. Scherberger, and Franklin A. Miller 
Excretion of Trichloroethylene Metabolites in Human Urine. By B. Souéek and D. Vlachova 
Ecological Considerations on Nickel Dermatitis. By Poul V. Marcussen 
Renal Lesions in Experimental Cadmium Poisoning. By J. A. Bonnell, J. H. Ross, and E. King 


Two New Medical Centres 
Book Reviews 


A number of copies are still available and may be obtained from the Publishing Manager, British Medical 


Association, Tavistock Square, W.C.1, price 17s. 6d. 


J. industr. Hyg., 13, 204. 


By G. S. Marks and 
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STUDIES ON THE CHEMICAL FORMS OF 
URINARY LEAD 


BY 


G. T. DINISCHIOTU, B. NESTORESCU, I. C. RADULESCU, C. IONESCU, N. PREDA, 
and G. ILUTZA 


From the Clinic for Occupational Diseases of the University of Bucharest and the Clinical Section of the Hygiene 
and Public Health Institute of Rumania, Colentina Hospital, Bucharest 


(RECEIVED FOR PUBLICATION AUGUST 11, 1959) 


Lead in urine has been determined by an ashing technique to give total lead and by a standard 
coprecipitation technique to give precipitable lead. In 44 normal subjects values obtained by both 


methods were the same. 


In 72 subjects exposed to lead, of whom 57 had clinical lead poisoning, 


the precipitable lead was significantly less than the total lead. As much as 40° of urinary lead 


can escape determination by the coprecipitation methods of estimation. 
suggest that the non-precipitable lead may be present as a natural chelate. 


Preliminary findings 
The significance of 


these observations is discussed. The danger is stressed that cases of threatened lead intoxication 
may be overlooked if only coprecipitation methods of estimating lead in urine are used. 


In many cases of lead poisoning we have been 
surprised to find no correlation between the values 
of the blood lead and those of the urinary lead 
excretion. This has been reported by others (Kehoe, 
Thamann, and Cholak, 1933a and b), but the 
observations have not yet been interpreted. While 
some place reliance on blood lead levels in the 
diagnosis of lead poisoning, others place more value 
on the level of urinary excretion (Litzner and 
Weyrauch, 1932; Gorn and Fridland, 1955). 

We have also frequently found during our in- 
vestigations in the lead industry that in certain 
plants there were considerable differences between 
the degree of the workers’ exposure to lead whereas 
the figures for their urinary lead excretion were very 
similar. Furthermore we observed in cases of lead 
poisoning that, while the levels of blood lead lay 
within relatively narrow limits, the urinary lead 
values showed large differences. 

In all these studies the method used to determine 
urinary lead was the spectrophotometric determina- 
tion of the dithizone complex after preliminary 
coprecipitation of the lead from the urine. 

Undoubtedly the best procedure for estimating 
lead is to ash the sample in order to bring all the lead 
into the mineral form most suited for the subsequent 
determination. But this process is laborious and 
time-consuming and a more rapid and simpler pro- 
cedure of separation was sought. This was attained 
by the coprecipitation of lead with an excess of a 


mineral salt—oxalate, phosphate, or carbonate 
(Fairhall, 1924; Fairhall and Keenan, 1941; 
Rosenqvist, 1942; Kaye, 1943). Cholak, Hubbard, 
and Burkey (1948) established the method in a 
practical form which has been widely used (Amdur, 
1953). This method is well suitéd for clinical 
observation of chronic lead poisoning and for the 
screening of workers in plants with a potential 
exposure to lead. 

However, under some conditions the quantitative 
separation of the urinary lead may not be obtained 
by coprecipitation. For instance, in tetraethyl lead 
poisoning where the lead is partly excreted in an 
organic form, Woessner and Cholak (1953) have 
modified the method by introducing an oxidation 
process to break down the organic compounds. In 
the course of treatment of lead poisoning with 
versenates (E.D.T.A.) lead is eliminated as a chelate 
complex which does not precipitate (Hardy, Elkins, 
Ruotolo, Quinby, and Baker, 1954). In such cases 
a preliminary ashing is recommended (Bessmann 
and Layne, 1955). Thus under certain conditions 
the urinary lead can undoubtedly partly escape 
determination by the coprecipitation process. 


Methods 
We have followed systematically the urinary lead 
excretion in 44 healthy individuals with an exposure 
to lead no greater than that of normal living conditions 
(“physiological lead absorption”) and in 72 individuals 
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heavily exposed to lead during their work (‘increased 
industrial absorption”). Of these, 15 showed no clinical 
or laboratory signs of lead poisoning. The other 57 
cases were diagnosed both clinically and on the basis 
of laboratory findings as suffering from ‘chronic 
evolutive lead poisoning’ of different degrees 
(Dinischiotu, Radulescu, Preda, and Georgescu, 1959). 
Of these 17 had lead colic. 

The urinary lead of all the subjects was determined 
after wet ashing with nitric and perchloric acids by the 
method of Bessman and Layne (1955) to give “total 
lead” (T) and after coprecipitation to give the “pre- 
cipitable lead” (P) using the method of Cholak ef ai. 
(1948). All the subjects with increased lead absorption 
as well as the majority of the normals were admitted to 
our Occupational Disease Clinic for the duration of this 
investigation. Urinary lead determinations were repeated 
frequently under carefully controlled conditions. 


Results 
The average values of the total urinary lead (T) 
and the precipitable lead (P) for the three groups of 
people observed are given in Table |. 
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Furthermore the non-precipitable fraction in 
general increases with the magnitude of the total 
urinary lead excretion. When calculated as a per- 
centage of the true lead elimination the non- 
precipitable lead is negligible for normal individuals 
but rises to 41-6°% in cases of chronic lead poisoning 
(Table 1, Column 5). 

The differences can be expressed more strikingly 

total Pb 
precipitable Pb \P 
within each group. The weighted average, t 
together with the standard deviation, as well as the 
standard errors of the differences between the 
averages of the exposed groups and the normals, 
are shown in Table 2. 

The small standard deviation for the normals 
reflects the homogeneity of that group with respect 
to urinary lead excretions. The other categories 
show a somewhat greater scatter of individual values 
which is not unexpected in groups established on 


by considering the relation 


TABLE | 


WEIGHTED AVERAGES OF URINARY LEAD (ug. Pb/litre) DETERMINED BY TWO METHODS IN THREE 
GROUPS OF SUBJECTS 


Lead Content 


Degree of Lead Exposure | No. of Cases |(—— | 
Increased absorption 15 130-4 95-5 34-9 26°80 
Chronic evolutive lead poisoning 57 2569 150-04 106-86 41-61 


*Total lead (T) 


It will be noted that for the normal the precipitable 
lead values are virtually identical with the total 
lead estimated after ashing, showing that co- 
precipitation can separate the lead quantitatively 
from the urine. On the other hand, individuals ex- 
posed to lead have values of precipitable lead which 
are less than the true urinary lead level obtained by 
the ashing technique. The difference between the 
two values may represent a considerable proportion 
of the total lead excreted. The low value of urinary 
lead found in cases of lead poisoning can thus be 
explained by the inability of the coprecipitation 
method to estimate quantitatively the urinary lead. 


= Determined after acid digestion; precipitable lead (P) 


determined after coprecipitation. 


such broad criteria. Nevertheless the homogeneity 
in these groups is statistically satisfactory. The 
values for each of the cases studied in the three 
groups are presented in Fig. 1. 

Among the cases of lead poisoning those in- 
dividuals with lead colic had in general a higher 
urinary lead excretion but the proportion of non- 
precipitable lead was practically the same as for the 
group as a whole. 

Having established the presence of lead in two 
different chemical forms in the urine of subjects ex- 
posed to lead we had next to consider their chemical 
characteristics. This non-precipitable fraction has 


TABLE 2 
WEIGHTED AVERAGE OF RATIO H FOR URINARY LEAD IN THREE GROUPS OF SUBJECTS 


Degree of Lead Exposure No. of Cases T/P S.D. *SM, M, +SM’', — M’; 
Increased absorption 15 1-47 0-411 429 —_ 
Chronic evolutive lead poisoning 57 1-93 0-877 7-77 2-94 
*SM, M, = “normal” relatively to “increased absorption” and “chronic evolutive lead poisoning” categories. 


+SM’, — M’, 


“increased absorption” relatively to “chronic evolutive lead poisoning” category. 
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NORMALS 650- CHRONIC EVOLUTIVE 
LEAD POISONING + 
50- 
» 600- 
+ 
j 
100 200 
P (ug. Pb litre) 4Y- 
J00> —\NCREASED 
ABSORPTION 
200- 
ry + ¥ 
+ 200- 
bo 
+ 
400 200 300 200 400 


P (ug. Pb litre) P (ug. Pb /litre) 


Fic. 1.—The ratio ; for the lead in the urine of individual cases in the three groups of subjects (see Table 1). 


Continuous line — weighted average B Each dot: average ; for individuals. 


; not hitherto been investigated. Our own limited 
j observations may be briefly described. Urine from 
cases of chronic poisoning in which the content of 


lead in both forms was known was shaken with 
activated alumina (Brockmann) and the total and 
precipitable lead in the supernatant estimated. The 


TABLE 3 
LEAD CONTENT OF SIX SAMPLES OF URINE (ug. Pb/litre) DETERMINED BEFORE AND AFTER ADSORPTION 
ON Al,0, 
Urine 
Sample Before Adsorption After Adsorption 
‘Total Pb Pb Non-precipitable Pb Total Pb Precipitable Pb 
(T) (P) (TP) (T) (P) 
RT 120-0 15-0 15-0 0-0 
TC, 139-0 82:5 56:5 49-0 00 
Al, 71-0 52-5 18-5 15-0 0-0 
BI, 60-6 30-0 30-0 30-0 0-0 
TC, 120-9 37-5 82:5 64-0 0-0 
645 105-0 37.5 52:5 0-0 
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TABLE 4 
LEAD CONTENT OF URINE (ug. Pb/litre)y BEFORE AND AFTER DIALYSIS AGAINST WATER THROUGH CELLOPHANE 


Urine 
Total Lead Precipitable Lead Non-precipitable Lead Total Lead 
(T) (P) (T—P) (T) 
BC 310-0 244-0 660 60-0 
UD 124-0 0 94-0 86-0 
AM 187-5 | 120-0 57-0 
BI, 150-0 82:5 67°5 0 
Al, 90-0 52:5 50-0 


results in Table 3 indicate that the precipitable lead 
was entirely adsorbed on the alumina but the non- 
precipitable fraction remained in solution. This 
indicates that the precipitable fraction of urinary 
lead is ionized, probably as lead phosphate, while 
the non-precipitable lead is in some organic com- 
bination. In further tests urine was dialysed against 
lead-free distilled water through commercial cello- 
phane until it was free from chloride. 

The non-dialysable lead is seen to be almost the 
same as the quantity of non-precipitable lead 
(Table 4). 

These preliminary results suggest that the non- 
precipitable fraction of urinary lead is bound to 
weakly polar molecules, possibly a natural chelate. 
This is being further investigated, and the view is 
supported by recent attempts to identify a lead 
chelate in human urine (Nelson and Hamm, 1958). 


Discussion 

The data obtained by parallel estimations of the 
two forms of urinary lead show some points of 
special interest. In normal subjects where the 
amount of lead absorbed equals that which is 
excreted the urinary lead is eliminated entirely as 
precipitable lead. But where there is increased 
absorption with or without lead poisoning the 
urinary lead appears in two forms. The non- 
precipitable lead found only in urine of subjects 
exposed to lead appears thus to distinguish this 
category from those with only a _ physiological 
absorption. 

The level of non-precipitable urinary lead in- 
creases with the total lead excretion and is highest 
in those suffering from lead poisoning. However, 
the principal condition governing the excretion of 
this non-precipitable lead fraction is not so much 
the severity of the clinical state of those suffering 
from lead poisoning but rather the degree of lead 
accumulation which may be found equally in those 
not suffering from clinical lead poisoning. 

From prolonged observation of the urinary lead 
excretion in some cases of chronic lead poisoning 
in hospital we found that the proportion of non- 


precipitable lead decreased more rapidly than the 
remission of the illness, indicating that the decrease 
was most probably related to an interruption of an 
abnormally high rate of lead absorption. This 
further supports our view that the presence of non- 
precipitable lead in the urine is related in the first 
place to the process of lead accumulation. This 
poses interesting problems concerning the physio- 
pathology of lead poisoning. The chemical nature 
of the non-precipitable fraction, together with its 
origin and biological significance, requires further 
elucidation. It may represent a product of an 
altered metabolism or a special form in which lead 
is transported under conditions of high rates of 
absorption. The lead circulation in the body 
consisting of successive fixation, mobilization, 
transportation, and accumulation (Teisinger, 1935; 
Kety, 1942) may possibly be analogous to the better 
known processes of absorption, transportation, and 
fixation of iron. The firm or labile binding of 
blood zinc on an organic carrier (Wolff, 1956) may 
also be compared to our findings with lead. The 
possibility of a similar behaviour in other heavy 
metals is also suggested. 

From the diagnostic point of view this clear-cut 
differentiation of the forms in which lead is excreted 
in the urine will be useful. The finding of a sig- 
nificant fraction of non-precipitable urinary lead 
may be the first sign of a toxic accumulative process 
which has not yet been expressed in any clinical or 
haematological evidence. The absolute values and 
the percentage of the total lead represented by the 
non-precipitable fractions could give a more 
adequate index for the appraisal of the degree of 
intoxication and its evolution. 

Finally, the behaviour of this urinary lead 
fraction being more closely dependent on lead 
accumulation may express more directly the level of 
exposure than does the presence of basophilic blood 
cells or urinary coproporphyrins, 

Our observations also have important practical 
implications regarding the value of the coprecipita- 
tion method of urinary lead estimation used for the 
screening of exposed workers or in the diagnosis of 
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patients. In cases in which lead absorption is high, 
the urinary lead measured by this method will 
appear too low and as a result a proportion of men 
in danger of lead poisoning or already poisoned 
may escape detection if clinical signs and other 
laboratory tests are not sufficiently convincing. 
This underlines the need for an analytical procedure 
which estimates all the lead in the urine. 
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EFFECTS OF CHRONIC DIELDRIN INGESTION 
ON THE MUSCULAR EFFICIENCY OF RATS 


BY 
MELEK KHAIRY 


From the Medical Research Council’s Group for the Experimental Investigation of Behaviour, 
Psychology Department, University College, London 


(RECEIVED FOR PUBLICATION SEPTEMBER 7, 1959) 


Several cases of dieldrin poisoning were reported amongst sprayers following repeated exposure 
to this insecticide. The symptoms developed by some of the most severe cases of poisoning 
included epileptiform convulsions. 

The effect of dieldrin on muscular efficiency of rats was studied. A state of chronic toxicity 
was produced by maintaining two groups of rats on a diet containing 25 p.p.m. and 50 p.p.m. 
of dieldrin respectively. A third group receiving a diet containing no dieldrin acted as a control. 
Muscular efficiency was measured by training the rats to pull weights of increasing magnitude 
in a 250 cm. runway. The time taken to pull the weights through the standard distance was 
recorded. 

Dieldrin appeared to have no effect on body weight, food intake, or learning, but muscular 
efficiency (as measured here) seemed to be affected by this compound. A progressive deteriora- 
tion in muscular efficiency was observed, and was related to the amount of dieldrin administered. 
Although the nature of the deterioration cannot be deduced from this study, the results obtained 


here suggest possible lines of investigating the early effects on human beings of exposure to 


dieldrin. 


The insecticide dieldrin has been used in numerous 
insect control programmes, giving highly satisfac- 
tory results. However, a number of cases of poison- 
ing following repeated exposure to dieldrin have 
been reported amongst sprayers handling this 
compound (e.g., Carrillo, 1954; Patel and Rao, 
1958). From the diverse symptoms described as 
following dieldrin poisoning, those associated with 
disturbances in the muscles ranged from twitching 
of the muscles in mild cases of poisoning to epilepti- 
form convulsions, with loss of consciousness, in 
severe cases. 

In view of these effects it was considered desirable 
to investigate the effects of dieldrin on the muscular 
efficiency of rats. Muscular efficiency was measured 
in terms of the ease with which trained rats could 
pull weights of increasing magnitude through a 
standard distance. 


Experimental Procedure 
Twenty-four male albino rats from the colony of the 
M.R.C. Toxicology Research Unit were used as subjects. 
The animals were randomly divided into three equal 
groups. The control group C received no drug. Ex- 
perimental group E, received 25 p.p.m. dieldrin in the 


diet (M.R.C. diet 41B), and experimental group E, 
received 50 p.p.m. The dieldrin consumed was approxi- 
mately equal to a daily amount of 0-125 mg./100 g. body 
weight and 0:25 mg./100 g. body weight respectively. 
The special diets were kindly supplied by the M.R.C. 
Toxicology Research Unit. 

From the age of 75 days the rats were started on their 
special diets. The groups were maintained on one hour 
feeding in each 24 hours. The diets of the animals and 
the feeding schedules were not changed throughout the 
entire experiment. The food intake of the three groups 
was checked daily and the animals were weighed regularly 
during the week. 

The apparatus used in this experiment is shown in 
Fig. 1. The distance which the rats had to travel in the 
runway while pulling weights was 250 cm. At one end 
of the runway was the starting point where the animal 
was introduced into the apparatus, and at the other end 
was a food tray. When in the runway the animal was 
observed through the transparent “perspex” wall which 
formed one of the sides of the apparatus. Observation 
was also possible through the lids of the runway which 
were made essentially of wire mesh which allowed the 
animal to be removed easily from any point on the run- 
way. In order to translate the horizontal movement of 
the rat (250 cm.) into the vertical lifting of the weights 
(50 cm.) a system of two geared wheels was used. A 
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“perlon” line was attached to a special harness worn by 
the rats, and as the rat moved from start to finish it un- 
wound from the larger wheel. This movement of the large 
wheel caused the small one to rotate, resulting in the 
lifting of the tray containing the weights. The tray itself 
weighed 60 g., but since this is constant for all animals 
it is not included in the figures for weights pulled by the 
animals. Similarly the slight friction in the system is 
ignored. Since there is a 5:1 ratio operating in the 
system it is possible to consider the rat’s performance as 
corresponding to lifting one fifth of the weight in the 
tray through the full distance of 250 cm. Scores used in 
the experiment will be expressed in this form. 

The reward used during the training and testing of the 
rats was food, the animals having been deprived of 
access to food during the 23 hours preceding the 
experiment. In the apparatus the animals were given 
the same diet as that upon which they were main- 
tained. 

The training of the rats to pull weights was carried out 
in two phases. In the first phase each animal was put 
into the apparatus and allowed to explore and feed 
for five minutes each day for five days. During the 
second phase the animals were trained to run trials, and 
were accustomed to wearing a harness while running. 
Each rat was given nine trials a day. A learning criterion 
was adopted in order to get comparatively the same de- 
gree of adaptability to the harness throughout the sample 
of animals used in the experiment. A rat was con- 
sidered as having learned when it made nine runs in a 
total time of 60 seconds or less on each of two con- 
secutive days. The number of trials taken by each 
animal to reach the criterion was recorded. 

When all the animals had reached the criterion, the 
rats were started on weight pulling, having been fed on 
their respective diets for 60 days. Each rat was now 
given 10 trials a day. From now on the rat’s harness was 
attached to the “‘perlon” line and as the animal ran the 
length of the runway the weight tray was raised. On the 
first day the weight placed in the tray was 25 g., which 
corresponded to the animal lifting 5 g. through 250 cm. 


Fic. |.—The apparatus. 


On the next day the animals were made to pull a weight 
corresponding to 10 g. On the following and subsequent 
days a weight corresponding to 10 g. was added to the 
weight previously in the tray. The time taken by the 
rat to complete a trial was recorded. 


Results 


There were no significant differences between the 
groups on body weight or food intake. Learning 
scores represented by the number of trials taken to 
reach the criterion are given in Table |. A one-way 
analysis of variance (Kruskal and Wallis, 1952) 
showed that the differences between the groups were 
not significant, that is to say, for learning as 
measured here, there was no impairment or en- 
hancement as a result of the administration of 
dieldrin. 

TABLE | 
EFFECT OF DIELDRIN ON LEARNING 


No. of Trials to Reach Criterion 


Group No. of Rats 
Mean Range 
s | 263 89-431 
E, 8 264-5 125-422 
E, 208:3 71-323 


The measure obtained from weight pulling, 
however, showed that the administration of dieldrin 
had an effect on the performance of the rats. The 
measure considered here is running time, or the 
mean time taken to pull a given weight the required 
distance. Table 2 shows individual scores and the 
group means when the animals were pulling weights 
corresponding to 5, 40, and 50 g. Whereas there 
was no significance (p>0-05) in the differences 
between the groups when pulling a weight corre- 
sponding to 5 g., the Jonckheere test (1954) revealed 
a significant trend (p<0-05) over the groups when 
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TABLE 2 
EFFECT OF DIELDRIN ON RUNNING TIME (sec.) 


Weight Pulled 
Rat No. 
Sg. 40 g. 50 g. 
Group C (0 p.p.m.) 

7 5-0 63 49 
14 13-5 10-2 8-0 
17 $-2 44 31 
18 65 76 71 
20 10-4 93 16-0 
22 5-2 1-6 44 
27 1-5 33 2-0 
30 74 10-3 70 
Mean 68 66 6 

Group E, (25 p.p.m.) 
59 96 14:3 
4 28 39 31 
16 38 28 29 
24 5-6 8:2 22-2 
25 44 13-5 20-0 
26 76 16:6 13-1 
28 41 45 17:2 
29 58 13-8 
Mean 50 83 133 

Group E, (50 p.p.m.) 
11-9 25-4 16:7 
2:5 34 3-7 
12 31 42 24 
13 42 18:3 16:8 
15 7-2 18:1 23-0 
19 33 11-3 10-8 
21 2:3 5:5 14:2 
23 36 59 36-4 
Mean 48 115 15:5 


pulling a weight corresponding to 50 g. Muscular 
efficiency was impaired; groups E, and E, gave 
longer running times than group C. The deteriora- 
tion in muscular efficiency was even more apparent 
when each animal was used as its own control, and 
its performance when pulling heavy weights was 
compared to that when pulling 5 g. Fig. 2 shows 
the group means of the differences between the 
animals’ scores for pulling 40 g. as against 5 g., and 
again the differences between pulling 50 g. as against 
pulling 5 g. Whereas the control group showed a 
very slight improvement on both occasions, the 
scores obtained for groups E, and E, showed a 
progressive increase. The trends with amount of 
dieldrin received were statistically significant 
(p<0-01) for both the 40 g. and 50 g. comparisons. 

Although the deterioration in muscular efficiency 
was demonstrated during the course of the experi- 
ment when the rat was required to make a marked 
effort, none of the animals showed at any time 
during the entire experiment any readily observable 
symptoms. of having received drugs. 


Discussion 
Muscular efficiency was defined here in terms of 
running time, and it was found that the adminis- 
tration of dieldrin increased running time pro- 
gressively as the weight pulled was increased. 


=0 ppm. 


€, = 25 
E 50 RPM. 


TIME IN SECONDS 


| 
-| DIFFERENCE DIFFERENCE 
BETWEEN BETWEEN 
TRIAL 1 (5g.)and TRIAL 1 (5g.) and 
TRIAL 5 (40g.) TRIAL 6 (50g.) 


Fic. 2.—Progressive deterioration of running time due to 
dieldrin. 


Controls showed no such deterioration, and the 
degree of deterioration was related to the amount of 
dieldrin administered. The deterioration might be 
due to a number of causes, for example, (a) some 
sort of muscular incoordination, (5) fatigue setting 
in more rapidly in the experimental animals, 
(c) degeneration of muscle fibres, or (d) myotonia. 
Further experiments are required before it can be 
decided which of these causes produces the 
deterioration observed here. 

Hayes (1957) mentions that it could be possible 
to prevent serious poisoning if the sprayers using 
dieldrin were removed from exposure “‘as soon as 
they reached some critical level of preclinical effects”’. 
The results obtained here suggest possible lines of 
investigating the early effects of dieldrin on human 
beings exposed to the compound, and that work is 
being undertaken. These investigations could lead 
to the detection of such a “ critical level’, and assist 
in the formulation of appropriate safety standards. 
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THE FAILURE OF ABSORPTION OF 
DC SILICONE FLUID 703 FROM THE GASTROINTESTINAL 
TRACT OF RATS 


BY 


J. PAUL* and W. F. R. POVER 


From the Department of Medical Biochemistry and Pharmacology, the University, Birmingham, 15 


(RECEIVED FOR PUBLICATION AUGUST 24, 1959) 


The intestinal absorption of silicone fluid 703, a methyl pheny! polysiloxane, has been studied 
in the rat. This silicone was chosen for the present investigation because of its lipid-like character 


and its solubility in olive oil. 


The experimental findings demonstrate that very little, if any, silicone is absorbed when fed 


in olive oil. 


No silicone was found in the lymph lipids of cannulated rats fed the silicone, and 


balance experiments by recovery of the organosilicon compound and triglyceride after feeding 
to rats for three hours showed that 85°, of silicone fluid 703 was recovered from the gastrointestinal 


tract, whereas 70° of the fed triglyceride was absorbed. The unabsorbed silicone was con- 


centrated chiefly in the intestinal lumen. 


Balance experiments by recovery of the organosilicon 


compound after long-term feeding gave recoveries of 96% of the silicone. This amount was 


recovered entirely from the lower part of the gastrointestinal tract and the faeces. 
fluid 703 was found in the liver, kidneys, or fat depots. 


The increasing use of various silicones for lubri- 
cating baking pans and surgical appliances, as 
antifoaming agents in the manufacture of sugar, 
beverages, wine, chewing-gum base, drugs, and 
cosmetics have led several workers (Rowe, Spencer, 
and Bass, 1948: Kern, Anderson, and Harris, 1949; 
Largett, Blackstone, and Roth, 1950; Child, 
Paquin, and Deichmann, 1951; Cutting, 1952) to 
study the toxicity of this class of compounds. Most 
of the experimental work has been the feeding of 
DC silicone fluids 200 and 555 and DC antifoam A. 

In all cases the silicones do not exhibit any 
significantly harmful effects in the rat and dog. 
These findings were based on long-term feeding 
experiments of the silicones to experimental animals 
followed by gross and microscopic examinations 
of the more important organs of the animals 
together with examination of the stool, urine, and 
blood in some cases. 

It is possible in the interpretation of the earlier 
results that no significant toxic effects were pro- 
duced because of the lack of absorption of the sili- 
cones from the intestines and that their elimination 


*Present address: The Government Analyst Department, 


Georgetown, British Guiana, South America. 
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No silicon 
The urine contained no soluble silica. 


may be too rapid to cause any toxic effects to become 
evident. Indeed, Drill (1954) reported that when 
dogs were fed high doses of ““DC antifoam A” the 
silicone was recovered quantitatively from the 
stool. 

The investigation reported here is a study of the 
absorption of DC silicone fluid 703, a methylpheny! 
polysiloxane, from the gastrointestinal tract of rats. 

There is experimental evidence that some lipid- 
like materials other than triglyceride fats are rapidly 
absorbed from the gastrointestinal tract when they 
are fed dissolved in a triglyceride vehicle (Bloom, 
Chaikoff, Reinhardt, Entenman, and Dauben, 1950; 
Daniel, Frazer, French, and Sammons, 1951; 
Borgstr6m, 1951; Kim and Ivy, 1952). Absorption 
may not occur when they are fed alone (Ahmad, 
1931; Cook, 1936). For such lipid-like materials 
the important prerequisite for their absorption is 
that they should be fed dissolved in an oil vehicle. 
Since only the methylphenyl polysiloxanes are oil- 
soluble (the methyl! polysiloxanes being insoluble in 
olive oil) and because of their lipid-like character 
with respect to their behaviour in organic solvents, it 
was thought that for the proper study of the 
absorption of the polysiloxanes, silicone fluid 703 
should be chosen for such studies. 
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Materials 
DC Silicone fluid 703 was presented by Midland 
Silicones, Ltd. For animal experiments, male albino 
rats between 200 and 250 g. in weight were used. The 
animals were maintained on an unrestricted diet of rat 
cake and water, but 24 hours before acute feeding 
experiments they were starved. 


Experimental Methods 
Estimation of Organosilicon Compound in Gastro- 
intestinal Lipid.—The organosilicon compound was 
estimated by determination of its silicon content. This 
involved the conversion of the organosilicon compound 
into soluble sodium silicate by sodium peroxide fusion 
in a Parr-bomb (Parr, 1908, 1919), followed by estima- 
tion of the soluble silicate by the formation of molyb- 
denum blue (Foulger, 1927) which was estimated colori- 
metrically. The interference of phosphate was reduced 
to insignificance by the addition of oxalic acid (Schwartz, 
1941). The composition of the reagents found to give 
accurate and reproducible results for the colorimetric 
estimation of the soluble silica is given below in the 

order in which the reagents were added. 

2 ml. solution of fused residue (approximately 

30 pg. Si) 

2 ml. N hydrochloric acid 

4 ml. 10% ammonium molybdate solution (tetra- 

hydrate) 

2 mi. 10% oxalic acid solution (dihydrate) 

4 ml. 30% sodium sulphite solution (heptahydrate) 
Compensation for colour formation caused by the re- 
agents was obtained by making reference solutions in 
which 2 ml. distilled water was used and the reagents 
added in the sequence already described. 


Estimation of Soluble Silica in Urine.—Soluble silica 
in urine was determined by the method of Paul and 
Pover (1959). This involved the selective extraction of 
phosphomolybdate from silicomolybdate by ethyl 
acetate, and subsequent colorimetric determination of 
the silicomolybdate as molybdenum blue by reduction 
with 30% sodium sulphite solution. 


Infra-red Absorption Spectra.—All infra-red absorp- 
tion spectra were recorded on a single beam instrument. 


Cannulation of Rats.—The intestinal lymphatic duct 
was used as a source of chyle. The animals were main- 
tained on a normal diet of rat cakes and water before 
operation. Cannulation of the intestinal lymphatic duct 
was by Tasker’s (1951) modification of the original 
method by Bollman, Cain, and Grindlay (1948). After 
the operation the cannulated animals were starved for 
12 hours and then fed 0-65 ml. of a 15% solution of 
DC silicone fluid 703 in olive oil, the solution being 
coloured by the addition of §-brown (8-naphthalene- 
azo-f-naphthol), a dyestuff known to be absorbed by 
the lymphatic pathway. Chyle was collected at intervals 
of three hours, and the coloured fractions indicating 
maximum absorption were pooled and extracted for 
DC silicone fluid 703. 


Extraction of DC Silicone Fluid 703 from Chyle.— 


BRITISH JOURNAL OF INDUSTRIAL MEDICINE 


The pooled chyle was added to 40 times its volume of 
3:1 absolute alcohoi/diethyl ether mixture and filtered 
through a finely meshed sintered funnel. The filtrate 
was reduced by means of a rotary evaporator main- 
tained at 37°C. The residue was dissolved in a small 
volume of petroleum ether (b.p. 40-60°C.) and filtered. 
The solvent was allowed to evaporate at room tem- 
perature and the weight of the residue determined. A 
weighed portion of this was then fused in a Parr-bomb 
and its silicon content determined colorimetrically. 
This method of extraction of lymph lipids was shown 
to be 97-5°% efficient. 


Acute Feeding Experiments (Three and a half Hours).— 
The experimental animals were fed 0-65 ml of DC 
silicone fluid 703 in olive oil by intubation. After three 
and a half hours the animals were sacrificed. Ligatures 
were placed at the ileocaecal valve, the pyloric sphincter, 
and the cardiac sphincter. The oesophagus was cut 
above the ligature, and the stomach, small and large 
intestines removed, the colon being incised below the 
caecum. The stomach, intestine, and caecum were 
separated and their lipid content extracted as described 
for each organ below. 


Stomach.—The stomach was slit open along the mid- 
ventral curvature. The contents were washed with 
petroleum ether (b.p. 40-60°C.) into a 50 ml. bolthead 
flask. These washings were evaporated to dryness. The 
residue was again taken up into petroleum ether (b.p. 
40-60°C.) and filtered into a weighed bolthead flask. 
The solvent was removed by heating on a steam bath. 
The residue was weighed and examined for silicon. 


Intestine.—A syringe was inserted into the distal end 
of the ileum while the proximal end was placed in a 
50-ml. bolthead flask. The whole length of the intestine 
was then flushed through with two successive volumes 
of 4° formal isotonic saline solution, followed by gentle 
massaging along the whole length of the intestine with 
the thumb and forefinger and again with a further 
quantity of 4°% formal saline solution. The contents of 
the flask were taken to dryness by heating in an oven 
maintained at 60°C. After cooling the flask, the residue 
was extracted with petroleum ether (b.p. 40-60°C.). 
The petroleum ether solution was filtered into a weighed 
flask and after removal of the solvent on a hot-water bath 
and allowing the flask to cool to room temperature, the 
residue was weighed and examined for silicon. 


Caecum.—The caecum was slit open mid-ventrally and 
its contents washed through a funnel into a 50-ml. 
bolthead flask, with 4°%% formal isotonic saline solution 
from a wash bottle. The method of extraction of the 
lipid and lipid-soluble materials was the same as that 
described for the extraction of the intestinal lipids. 


Long-term Feeding Experiments.—Rats starved 24 
hours before feeding experiments were put on the 
experimental diet for a period of eight days. This diet 
consisted of the following :— 

Rat cake powder compounded by Messrs. Heygate and Sons, 
Ltd. (80% of the total diet) 


(16%, of te total diet) 
(4%, of the total diet) 


Olive oil 
DC silicone fluid 703 


4 
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The silicone fluid was dissolved in the triglyceride before 
mixing. 

Control diets consisted of rat cake powder and olive 
oil only. 

The animals were housed in separate metabolism 
cages and maintained on control and experimental diets 
on a daily feed of 15 g. to each animal. Water was 
allowed ad libitum. The faeces were collected on a wire 
mesh tray and urine separately through a funnel into 
polythene beakers containing liquid paraffin. The faeces 
and urine for each rat were collected daily but pooled. 

At the end of the experiment the animals were starved 
for 24 hours after which they were killed. The lipid and 
lipid-soluble materials from the gastrointestinal tract 
were extracted as described before, while the liver, 
kidneys, and fat depots from each rat were dissected and 
the lipid content of each extracted and examined 
individually for silicone fluid 703. 

The trays were washed with petroleum ether (b.p. 
40-60°C.), the solvent evaporated and the weight of the 
spilled food determined. Food bins were weighed and 
the amount of food eaten by each rat calculated. 


Extraction of Lipid and Lipid-soluble Materials from 
Faeces.—The extraction of faecal lipids was by the 
method of Bentley (1955). The faeces were dried at 
60°C. in an oven and then boiled for 15 minutes with 
100 ml. normal hydrochloric acid. After cooling, the 
lipid material was extracted with an equal volume of 
petroleum ether (b.p. 40-60°C.). Any emulsion formed 
was broken down by centrifugation. The ethereal 
fraction was separated and the extraction procedure 
repeated twice. The extracts were combined and dried 
over anhydrous sodium sulphate. After filtration, the 
petroleum ether was removed on a hot water bath and 
the residue weighed. The silicon content of this material 
was then determined. 


Extraction of Lipid and Lipid-soluble Materials from 
Liver, fat depots, and Kidneys.—The liver, kidneys, and 
fat depots of each animal were dissected and homogen- 
ized separately in 25 ml. of 30% diethyl ether/absolute 
alcohol mixture by means of a Waring blender. The 
solvent was evaporated on a hot water bath. The dry 
residue was treated with petroleum ether (b.p. 40-60°C.) 
and the solid material carefully broken up with a nickel 
spatula. The solvent was filtered into a 50-ml. bolthead 
flask and the residue re-extracted twice. The extracts 
were combined and after removal of the solvent by 
heating on a hot water bath, the residue weighed. A 
portion of the residue after extraction of each organ was 
fused with peroxide and its silicon content determined. 

The lipid residues obtained from the liver of each 
rat were combined, weighed, and redissolved in 10 ml. 
petroleum ether (b.p. 40-60°C.). This solution was 
passed down an 18 = 2 cm. alumina chromatograph 
column to remove phospholipids. The column was 
eluted by further quantities of petroleum ether (b.p. 
40-60°C.). Silicone fluid 703 dissolved in petroleum 
ether (40-60°C.) is not held on an alumina column and 
all is eluted in the first 25 ml. of petroleum ether. 

The lipid residues from the fat depots of each rat were 
combined, weighed and saponified for 17 hours with 


25 ml. of a 20° alcoholic KOH solution. After cooling, 
the alcoholic solution was acidified and extracted with 
petroleum ether (b.p. 40-60°C.) and re-extracted twice 
with further portions of the solvent. The ethereal ex- 
tracts were combined and dried over anhydrous sodium 
sulphate. This was filtered and then the solvent, removed 
by heating on a hot water-bath. The residue was 
weighed, redissolved in 10 ml. petroleum ether, and 
chromatographed as before. This removes fatty acids. 
Elution of the column was by petroleum ether, after 
which the solvent was removed and the residue weighed. 
A portion of this residue was examined for silicone 
fluid 703. 


\ 


Results 


The amount of silicon in the reagents us¢d in the 
Parr-bomb as fusion materials was low (Table 1), 


TABLE | 


DETERMINATION OF OPTICAL DENSITIES OBTAINED 
FROM REAGENTS AND FAT VEHICLE 


Compounds Weight Fused (mg.) Optical Density 
Fusion mixture alone 1,600 0-010 
(100 sucrose, 1,500 0.020 
sodium peroxide) | 0-019 
0-005 


Fusion with lipids 


Olive oil 60:8 0-061 

$2:5 0-051 

38:3 0-056 

Fasting chyle lipid 58:2 0-061 

31-8 0-063 

63-1 0-051 

Egg phospholipid 51-6 0.056 
27-1 0 

66:8 0-053 

Rat cake powder 63-6 0-032 

68:9 0-051 

921 0-032 

60-4 0-032 

An organosilicon com- 149 “569 

pound (trimethy! hexa- 16-0 0-585 

decyl silane) 15-1 0-550 


and in an organosilicon compound, the method of 
estimation was accurate to within 98°, (Table 2). 


TABLE 2 


REPRODUCIBILITY OF SILICON DETERMINATION IN 
TRIMETHYL HEXADECYL SILANE TO DEMONSTRATE 
ACCURACY OF COLORIMETRIC METHOD OF SILICON 


ESTIMATION 

Weight of Theoretical | Estimated | % 
Silicon | _ Silicon Error 

Fused (mg.) Content (mg.) Content (mg.) 
36 2-69 2-68 0-4 
314 2-95 2-89 20 
28-9 2-72 2-68 15 
29-3 2-75 2-75 0-0 
44-4 417 4-08 2-2 
58-0 5-45 $37 15 
30-7 2-89 2-90 0-4 
28-7 2-71 2-68 i 


Mean % error = 1:14 + 08. 


Fusion of fasting chyle lipid and egg phospholipid 
by the peroxide bomb method, followed by the 
colorimetric estimation, gave results which were 
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TABLE 3 
RECOVERY OF LIPID AND SILICON FROM INTESTINAL WASHINGS TO SHOW RELIABILITY OF EXTRACTION 
PROCEDURE 
Total Recovered Total Recovered 
Weight Lipid Fused (mg.) Weight by Total Silicon Content by Silicon Estimation 
| Lipid Recovered (mg.) Lipid Weight (mg.) Method 
240 573-8 93-6 35-6 97-1 
30-0 566°6 92-4 35-1 933 
30:5 562-6 91:8 340 90-2 
30-0 541-6 88:4 33-0 87-6 
22-6 566°6 92-4 35-1 93-3 
30-4 588-7 96-0 36:1 959 
22-7 563-2 919 34:8 92-4 
24:3 579-5 94:5 35:5 94-2 
Mean “%% recovered by Si estimation method = 930+ 10 
Mean % recovered by determination of total lipid weight = 926 + 0-75 


Intestinal contents washed from fasted rats were treated with 613 mg. of silicone fluid 703/olive oil solution containing 37:7 mg. silicon. 
After evaporation and extraction with petroleum ether (b.p. 40°-60°) recovered total lipid and silicon were evaluated experimentally. 


similar to that obtained with olive oil alone. This 
demonstrates that the method of estimation of 
silicon is not interfered with by the presence of small 
amounts of phosphates such as are to be found after 
peroxide fusion of gastrointestinal and liver lipids 
(containing phospholipids). 

The extraction of lipid material and silicone fluid 
703 from the gastrointestinal tract by a dry ex- 
traction procedure utilizing petroleum ether (b.p. 
40-60°C.) as solvent led to the recovery of 92:6°%% of 
lipid material and 93° of the silicone fluid 703 
was recovered at the same time (Table 3). When 
diethy! ether was employed as solvent in a con- 
tinuous liquid-liquid extraction procedure (Paul, 
1958), 86°5°% of the lipid material but only 71:6°% 
of the organosilicon compound was recovered. 


Absorption of DC Silicone Fluid 703.—The 
methods of investigation employed in the study of 
the absorption of silicone fluid 703 from the gastro- 
intestinal tract of rats were:— 

(1) Examination of the chyle after feeding of the 
test material; 

(2) Determination of the amount of fed material 
that could be recovered from the stomach, intestine, 
and caecum three hours after administration of the 
compound; 

(3) Examination of the urine after long-term 
feeding experiments lasting several days. 


Determination of the silicon content of intestinal 
lymph lipid from animals to which silicone fluid 703 
had been fed as a solution in olive oil showed that 
no significant amount of silicone was absorbed along 
this route (Table 4). Infra-red studies on these 
lymph lipids from silicone-fed animals showed the 
absence of the organosilicon compound since these 
spectra were similar to those of fasting lymph lipids. 
The infra-red absorption method is only capable of 
detecting 5°, of the organosilicon compound 
(Paul, 1958). 

That fat was being normally absorbed during 
these experiments was demonstrated by the fact that 
when the mixture fed was coloured with 8-brown, 
a dye-stuff known to be absorbed in oil solution, the 
lymph lipids were markedly coloured. 

The results of the three-hour acute feeding ex- 
periments (Table 5) showed that only 845° of 
silicone fluid 703 was recovered from the gastro- 
intestinal tract, whereas 71-8°% of the olive oil fed 
had been absorbed. When the washed intestines 
of the silicone-fed rats were homogenized and their 
lipid content extracted and examined no silicone 
fluid was found in the intestinal mucosa. These 
results are difficult to interpret as balance studies 
since 100°, of the silicone fluid was not recovered. 
However, a consideration of the results of Table 2 
indicates that in the method of silicon estimation 
there is for any single determination — 1-1 °% biased 


TABLE 4 
ANALYSIS OF CHYLE LIPID FOR SILICONE FLUID 703 AFTER FEEDING 610-0 MG. OF A i5°% SOLUTION 
IN OLIVE OIL 
Weight of Silicon Content Total Lipid Total Si Concentration Ratio of Lipid 
Olive Oil in Material Fed Extracted from Si Content Recovered Concentration fed 
in Food Fed (mg.) (mg.) Chyle (mg.) in Chyle Lipid (mg.) % to Lipid Recovered 
125-4 0-33 0-26 25:9 
69-0 0-15 0-22 31-4 
518-5 35-38 90-9 0-28 0-31 22:2 
(5-8 %) 34-7 0-12 0-35 19-7 
95-0 0-44 0-46 14-7 
710 0-21 0:30 23-1 
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TABLE 5 

j THREE-HOUR ACUTE FEEDING EXPERIMENTS WITH DC SILICONE FLUID 703 IN OLIVE OIL 
| Weight of Lipid Recovered from , o Weight of 703 Recovered from 

Stomach Intestine Caecum Stomach Intestine Caecum | Recovered 
‘ (mg.) (mg.) (mg.) (mg.) (mg.) (mg.) 
3 A 20-7 138-6 25-3 426-0 83-1 3-52 93:86 | 097 879 
63-9 186-0 39-6 319-0 62:2 9-96 77-45 8-17 |, 833 
34 134-7 302 443-2 86:5 ies 91:20 74 
| 2264 | sos | | 306 3499 | | 1058 | 863 
i B 395 222-2 25 | 341-4 74-7 6-27 123 81-5 
{ 29-9 175-6 260 749-5 16-4 6°66 113-7 3-43 78-6 


Mean % silicone fluid 703 recovered= 85 + 1:2 

Mean olive oil absorbed = 72+ 5-7 
*Group A rats fed 0°65 ml. (627-27 mg.) of an 18:3°% 703/olive oil solution. This contained 114-8 mg. DC silicone fluid 703. 
Group B rats fed 0-65 ml. (614-6 mg.) of a 25:6°% solution of 703 in olive oil. This contained 157-1 mg. of DC silicone fluid 703. 


TABLE 6 
ABSORPTION OF DC SILICONE FLUID 703 IN LONG-TERM FEEDING EXPERIMENTS 


Total Silicon 
Content in Food Consumed 


Gastrointestinal Tract Faeces 


Silicon Content Found in 


Urine Liver. Kidney | *, 703 Recovered 


3 Fat 
(mg.) (mg.) (mg.) (mg.) (mg.) Depot 
3 982:8 — 979-2 99-6 
1058-4 1-48 1011-0 - 95-7 
961-2 2-50 929-9 aa 97-0 
1071-0 1001-0 93-4 
1063-0 975-0 91-7 
1026-0 1-63 1019-0 - 99-5 
944-0 898-0 — - | 95-1 


Mean °, silicone fluid 703 recovered = 960 + 1:0 
DC Silicone fluid 703 fed with olive oil and rat cake powder to seven rats for a period of eight days. Tissues and faeces were examined 


for organosilicon compound and urine for soluble silica. 


No silicon was found in the lipids of the gastrointestinal tract. faeces, liver, kidney, or fat depot of control animals maintained on a diet 


of rat cake powder and olive oil. 


error, so that when this determination is applied to 
the analysis of the gastrointestinal tract in three 
sections (stomach, intestine, and caecum) this error 
applies to each determination. Consideration of 
the results of Table 3 similarly show that in the 
extraction procedure used in these experiments only 
93°, of the total lipid and lipid soluble materials 
were recovered, i.e., — 7° biased error. 

Table 6 contains the results of prolonged feeding 
experiments lasting eight days. Ninety-six per cent 
of the silicone fluid 703 fed was recovered, mainly 
from the faeces. No silicone fluid 703 was found 


TABLE 7 


FURTHER EXAMINATION OF LIVER LIPIDS AND LIPID 

MATERIALS FROM FAT DEPOTS, OBTAINED FROM EX- 

PERIMENTAL ANIMALS MAINTAINED ON A DIET OF 

DC SILICONE FLUID 703, RAT CAKE POWDER, AND OLIVE 
OIL FOR EIGHT DAYS 


in any of the tissues examined. The soluble silica 
content of the urines of the silicone-fed rats and that 
of urines of control animals was identical. Chro- 
matography on an alumina column of the pooled 
liver lipids from the silicone-fed rats, and sub- 
sequent examination of the eluent for the organo- 
silicon compound confirmed the absence of DC 
silicone fluid 703 in the liver (Table 7). Similar 
results were obtained with pooled lipid from the fat 
depots of the experimental animals after removal 
of most of the triglyceride fat. 


Discussion 
These results demonstrate that silicone fluid 703 
when fed in a fat vehicle is not absorbed to a 
measurable extent. The site at which the silicone is 
separated from the triglyceride is in the intestinal 
region where the triglyceride is rapidly absorbed 


— Ca Silicon coilicon. concentrating the organosilicon in the residue. The 
Chro- Chro- ‘Extracted Pooled question arises as to the mechanism involved in the 
matography matography Lipid Lipid 

(mg.) (mg.) P (mg.) separation of the silicone and the triglyceride 
| we | Paraffinic hydrocarbons, although possess- 
lipids ing no reactive site in the molecule at which rupture 

Pooled lipid 861-1 33-1 0-01 0-09 ; . 
from fat can occur to effect a change akin to hydrolysis, are 

depot 


nevertheless readily absorbed when fed in a fat 
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vehicle (Stetten, 1943). Silicone fluid 703 is similar 
to the paraffinic hydrocarbons in being chemically 
inert and oil soluble. 

It is now generally accepted from the extensive 
work of Frazer, Schulman, and Stewart (1944) that 
fine emulsification is essential for the absorption of 
unhydrolysable fat. Their investigations have 
shown that the particle size for the absorption of a 
dispersed oil phase is critical. The particles must be 
less than 0-5-0-3, in diameter to be absorbed via the 
lymphatic pathway. These workers have also 
demonstrated that the triple combination of fatty 
acids, monoglycerides, and bile salts is present in 
the intestinal lumen. This system can produce fine 
emulsification of this particle size. 

Results have been obtained which demonstrate 
that the silicone-fluid-703-loaded oil has emulsified 
effectively (Paul, 1958). However, no quantitative 
data were obtained as to the particle size of these 
emulsions other than visual observations under a 
dark ground microscope. Comparison with similar 
emulsions made from olive oil alone showed the 
particle sizes of both emulsions to be similar. 

The failure of absorption of silicone fluid 703 
during the simultaneous absorption of the tri- 
glyceride vehicle would seem to imply that a 
mechanism is present which actively and selectively 
separates the triglyceride from the silicone fluid 703. 
It must also be appreciated that the triglyceride and 
the silicone are fully miscible; thus the mechanism 
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is distinguishing between two substances intimately 
mixed. 

It has not been possible from our present in- 
vestigation to obtain any direct evidence as to what 
this mechanism is, but further work is in progress. 


We wish to thank Professor A. C. Frazer for his 
interest and helpful advice, the Midland Silicones, Ltd. 
for gifts of silicone fluid 703, and the University of 
Birmingham for a postgraduate research grant to one 
of us (J.P.). 
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THE ORIGIN OF THE TERM “PNEUMONOKONIOSIS” 


INTRODUCED BY 
A. MEIKLEJOHN 


From the Department of Industrial Health, University of Glasgow 


(RECEIVED FOR PUBLICATION MARCH 10, 1958) 


Throughout the literature on the dust diseases of the lungs, reference is frequently made! to 
the fact that Professor F. A. Zenker of Erlangen introduced the term “* pneumonokoniosis”’. As 
few authors have been able to study the original German article, this opportunity has been taken 
to present a translation in English prefaced by a short biographical note. 


Friedrich Albert 
von Zenker was 
born at Dresden 
on March 13, 
1825. From 1843 
to 1849 he studied 
medicine at Leip- 
zig and Heidelberg 
and after gradu- 
ation he went to 
Vienna to study 
pathology under 
Rokitansky and 
Hefohl. On his 
returnto Germany 
he became profes- 
sor of pathology 
and morbid ana- 
tomy at the Uni- 
versity of Dresden. 
He undertook re- 
search into the 
pathology of the 
lungs, and in 1862 
published his 
results entitled Den, 
Beitrige zur nor- 
malen und patholo- Friedrich Albert von Zenker (1825-1898). 
gischen Anatomie (Reproduced by courtesy of the Wellcome 
der Lunge [Con- Historical Medical Museum.) 
tributions on the 
Normal and Pathological Anatomy of the Lung]. In the 
same year he became professor of pathology at the 
University of Erlangen, where he remained until his 
death on June 13, 1898. At Erlangen he continued his 
studies of lung pathology, concentrating on the morbid 
changes associated with the inhalation of dust. It is in 
relation to the dust diseases of the lungs that his name 
endures, particularly because he invented the term 

Although references to this neologism occur fre- 
quently in the literature of the dust diseases of the lungs, 


Friepricn fv. Zenxer 


few British authors have had the opportunity of studying 
the original article. My purpose is to make available, in 
translation, the relevant passages of the original article 
so that those interested in industrial medicine and others 
may learn the circumstances which led Zenker to coin 
the term. The article, entitled Ueber Staubinhalations- 
krankheiten der Lungen [Diseases of the Lungs due to 
the Inhalation of Dust] is a general review of current 
knowledge of the subject. It incorporates original 
observations on Die Eisenlunge [iron lung] or Siderosis 
pulmonum [pulmonary siderosis] (pp. 130-171). It is at 
the conclusion of this section that Zenker discusses 
nomenclature and suggests the generic term pneumono- 
koniosis. The manuscript was passed for publication 
in July, 1866, but the work was not published until 1867. 
These facts are mentioned because throughout the 
literature the reference is usually dated 1866, when, in 
fact, it should be 1867. 

I am indebted to my colleague H. T. Betteridge, 
M.A., Ph.D., lecturer in German in the University of 
Glasgow, who edited my crude translation and assisted 
me cordially. The translation may appear rather literal 
but this is intentional, as | wished to reproduce the script 
as closely as possible. 


IRON LUNG—SIDEROSIS PULMONUM 


BY 
F. A. ZENKER 


I received the first specimen of this remarkable 
disease of the lungs on January 31, 1864, through 
the kindness of Dr. Geist, director of the medical 
department of the Niirnberg City Hospital, and his 
then assistant, Dr. Degen, to whom I am deeply 
indebted for sending numerous interesting speci- 
mens. It consisted of both lungs of a 31-year-old 
female factory worker, who was admitted to 
Niirnberg Hospital on January 19, 1864, on account 
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of an illness alleged to be of six weeks’ duration, and 
who died there on January 30. In her work she had 
had much to do with red pigment. I can affirm that 
scarcely ever has the appearance of a pathological 
specimen so surprised me as that of these lungs. 
They showed throughout, on the surface as well as 
on section, a brick-red pigmentation so intense that 
all other (blood and tissue) colouring was almost 
entirely obscured by it, just as if the surfaces were 
smeared with red paint. Several large cavities and 
numerous firm fibrous nodules, the structure of 
which also was sprinkled with red spots, were 
scattered throughout both lungs. The peculiar 
nature of the pigmentation at a mere glance left no 
doubt that here we were not dealing with a morbid 
formation of pigmentation, but that the pigment 
must derive from a foreign colouring matter intro- 
duced from outside. At first | thought particularly 
of cinnabar or red lead. The chemical investigation, 
which Professor v. Gorup very kindly undertook at 
my request, and whose detailed finding I shall later 
mention, demonstrated that the colour was derived 
from iron oxide, which had accumulated in enor- 
mous quantity. Thus there no longer seemed to be 
any doubt about the connexion between the lung 
discoloration and her work with pigment. Histo- 
logical investigation, however, showed that the 
ferrous material was deposited in the form of very 
fine particles, partly in the air passages, partly and 
very notably in the lung tissue itself, and even in 
the pulmonary pleura. The bronchial glands also 
displayed large red stains of iron. The iron particles 
had consequently penetrated into the interstices of 
the lung and had thence been distributed farther 
through the lymph channels. The whole state of 
affairs, especially in view of the large quantities of 
iron particles which were, as described, to be found 
in the air passages (bronchi and alveoli), seemed to 
permit no other explanation than that the iron 
material had reached the air passages through in- 
halation and been distributed from the alveoli into 
the lung parenchyma; that therefore the patient had 
worked with a dry pigment powder and that she 
must have been exposed for a very long period to 
the inhalation of a red colouring matter. To be 
certain of this I therefore asked Dr. Degen to make 
careful enquiries about the nature of the employ- 
ment of the patient, about her whole mode of life 
and about the nature of the pigment with which she 
had worked; and at the same time to make en- 


quiries whether any frequent attacks of illness, 
which could be attributed to a similar affection of the 
lungs, occurred among the workers in the same 
factory. Dr. Degen informed me of the result of 
his careful enquiries and also gave me a precise 
account of the illness and the results of the post- 
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mortem examination and a description of the organs 
which had not been sent to me. 

I will give this here in his own words and append 
the anatomico-histological description of the lungs 
which I received in toto. 


Mary Frank, aged 31 years, factory worker from 
Steinbihl near Niirnberg, was admitted to 
Niirnberg Hospital on January 19, 1864. 


History 

As a child the patient was always healthy, 
although not particularly robust. About the age of 
20, before she started work in the factories described 
below, she worked for some years in a match factory 
at Niirnberg. There also she is said to have been, 
on the whole, well; at least she never complained 
of any chest troubie. She had several children, the 
last about two years ago; this child is still alive and 
perfectly healthy. Seven years ago she started work 
in one of the factories, where she remained until 
shortly before her death. Now as to these factories 
they were engaged in the manufacture of the little 
books of blotting paper in which fine gold-leaf is 
laid. The workplace consists usually of only two 
rooms; in the one the blotting paper was coloured 
and in the other the books were stapled together. 
About four girls were employed there. The place, 
where the colouring was done, is very small, about 
8 ft. long, 5 ft. broad and 7 ft. high. There is no 
special system of ventilation; if the dust becomes 
too bad the windows are opened. If these were shut 
(and in two factories visited by Dr. Degen they were) 
the dust is fairly thick. Not only are the walls, 
benches, etc. red, but the atmosphere also seems 
coloured so that anyone who is not used to it feels 
his mouth dry within a few minutes. In the rooms 
where the binding is done, there is also dust. The 
air here, however, can be breathed without incon- 
venience. In these rooms work is carried on 
throughout the whole day and meals also are taken 
there, without the workers taking any special 
measures against the inhalation of dust. The 
operation of staining consists simply in applying 
the finely powdered pigment dry on to a sheet of 
blotting paper and rubbing it in with a piece of 
felt until the paper is thoroughly impregnated. The 
pigment is obtained from a Niirnberg mill (in 
Wohrd—place-name). 

None of the other female workers complained of 
any chest trouble (and Dr. Degen questioned not 
only those who were employed at the time but also 
others who had worked there for longer or shorter 
periods). Certainly their mouths are always full of 
dust and their sputum is usually stained red. 
However, in the evening there are facilities whereby 
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the girls can clean their skin and mouth before they 
leave the workshop (facilities of which, according 
to unanimous report, the patient, who is said to 
have been unclean in her habits, made very little 
use). There seemed to be some doubt about a 
female patient, who was in the medical wing of the 
Nirnberg Hospital from January 12 until Febru- 
ary 15, 1864, and who was discharged at her own 
request. This patient had a bad cough, breathless- 
ness, and a high temperature, without the physical 
investigation providing an adequate explanation of 
these symptoms. She too had been employed for 
several years in staining but she had sometime 
previously (about one year) given up that work. 
On the other hand, there was another woman, who 
had been under treatment for a feverish inflamma- 
tion of the stomach. She had worked with the 
pigment for 10 years and her respiratory organs 
were perfectly healthy. Also in the above-men- 
tioned colour mill, where the dust is so thick that the 
workers appear as if they were painted red, no 
similar illness has so far been observed. 

Frank [the deceased] worked in two of these 
factories and was employed mainly in the staining 
of the paper. Information about her state of health 
at this period is rather scant as she associated 
with few people. All agree in this point, that 
the patient, although she worked more than the 
others, lived extremely frugally and irregularly; for 
example, at lunch she ate apples and similar things. 

The first signs of lung disease appeared about 
one-and-a-half years ago and are said to have been 
a persistent cough and shortness of breath. The 
patient treated herself a good deal with household 
remedies; from time to time she had medical advice 
but, although the doctors advised her to give up her 
work, she continued to work in the colouring shop 
until Christmas, 1863, when her respiratory disorder 
became so severe that she left the factory and stayed 
with friends until her admission to hospital 
(January 19, 1864). 


Present Condition 

The patient's state of nutrition is bad; complexion 
pale with a livid flush. Strength is satisfactory so 
that the patient was able to be up and about most 
of the time during the first half of her stay in hospital. 
The temperature is not raised; the pulse is rapid and 
weak. The brain and nervous system are normal. 
The patient has no headache nor any feeling of 
giddiness; she has full use of her limbs; sensation 
is also well maintained. 

The patient’s appetite is good; the bowels are 
always rather constipated. Occasionally she com- 
plains of slight pains in her body; menstruation is 
regular. 


Breathing is rather difficult and short; on 
inspiration chest movements are equal on both sides 
of the chest, which is well developed. There is, 
however, some retraction of the left upper lobe and 
this persists even on deep inspiration. The cardiac 
impulse is weak but in normal position. Percussion 
of the chest reveals no difference between one area 
and others. On auscultation, in addition to 
vesicular breathing, from time to time ‘sonorous 
rhonchi are heard. The air entry is rather diminished 
above and immediately below the clavicle. The 
area of heart and liver dulness is normal; the heart 
sounds are normal. 

The sputum is fairly homogeneous, mucoid, and 
scanty. Throughout the mucus one observes here 
and there minute red streaks (these were regarded 
as specks of blood from the lung such as one is 
accustomed to find in the sputum). Cough is 
moderate and becomes more violent in the morning. 
Mist. sal. ammon. 


During the succeeding days the patient’s con- 
dition, both in her own opinion and in the judgment 
of those attending her, remained unchanged and 
gave no cause for apprehension; indeed the patient 
asserted that the medicine eased her, because the 
phlegm was looser. On January 24 she noticed that 
her feet suddenly began to swell, especially round the 
ankles. The swelling spread quickly to the legs and 
to some extent above the knees, but was quite 
painless. The skin was pale and on pressure deep 
pitting persisted. From this date the patient was 
confined to bed. Her complexion became more 
cyanosed and the dyspnoea also increased. She did 
not complain of pain anywhere. During the suc- 
ceeding days she developed dulness on both sides of 
her chest; air entry was diminished and vocal 
fremitus increased. The dulness advanced only to 
the lower angle of the scapula. Ascites now de- 
veloped but so far was not serious. The body 
temperature did not rise; the pulse became very 
weak and rapid. The digestion continued un- 
affected. Mentally she remained clear until her 
death. During her last days the sputum became 
thick and purulent. Death due to increasing 
dyspnoea occurred on January 30, at 1.30 a.m. 


Necropsy 
Nine hours after death. Very emaciated cadaver 
with pale flabby musculature; advanced rigor 
mortis, slight hypostasis, dropsy of lower ex- 
tremities; colour in general pale, lips bluish; 
abdomen distended. 


Neck.—Frothy mucus present in the larynx and 
in the large bronchi. 
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Cranium.—Meninges normal; brain pale, some- 
what moister than usual; in the lateral ventricles 
a little clear serum. Arteries at the base delicate; 
cerebellum normal. 


Thorax.—In both pleural sacs a moderate 
effusion of clear serum (for description of lungs see 
below). There was practically no serum in the 
pericardium. The heart was flabby: the right 
ventricle dilated; valves healthy. Immediately 
above the semilunar valves of the aorta there were 
several yellowish-white irregularities varying from 
the size of millet seed to that of peas. The lungs 
which were sent to me showed the following con- 
dition (see plate II). Both lungs are almost every- 
where covered by false membrane and adhesions. 
The covering so formed was in places, particularly 
on the right anterior aspect, as much as 14 mm. 
thick. On removal of the covering the surface of 
the lung was quite uniformly of a very intense 
brick-red colour, save that here and there the 
boundaries of the lobules appeared as black lines 
on the red background. And even the fibrous 
covering on removal showed here and there ex- 
tensive brick-red discoloration on the surface in 
contrast with the pleura. 

In some areas, notably over the right middle lobe, 
the surface is irregular, coarsely nodular, partly due 
to projection of the individual lobules as a result of 
contracted lobular septa, partly from projection of 
some of the nodules in the lung tissue, which will be 
described below. 

On section it is seen that the aerated lung tissue, 
which still existed, is everywhere uniformly stained 
a very intense brick-red colour. And indeed on 
close inspection the cut surface appears as a uni- 
formly fine cellular red network, in which the 
lobular septa are in many places defined as fine 
linear ridges, similarly intense brick-red in colour, 
and enclosing large polygonal areas, so that one can 
recognize even with the naked eye that the red 
colour is mainly restricted to the lung tissue itself. 
Nevertheless the air passages also contain some of 
the colouring matter, which exudes as a dull brick- 
red fluid on to the cut surface. 

In the thus constituted tissue of all the lobes of 
both lungs there are scattered numerous roundish, in 
section, greyish-yellow fibrous nodules from about 
the size of a pinhead to that of a large round pea 
and even in some cases larger, more irregular and 
coarse. These nodules are mostly interspersed with 
smaller or larger brick-red patches, in part also, 
though less extensively, with black specks. 

While many of these nodules on section every- 
where appear solid, others show in the centre a very 
minute pinprick-like opening (some of the larger 
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ones even show several), apparently the lumen of 
one of the finer bronchioles, though any connexion 
with the larger bronchi could not be demonstrated 
with certainty. The apex of the right lung is 
occupied by thickly packed uniform nodules; like- 
wise the main part of the left apex, while another 
part of it is transformed into a black sclerotic mass 
about 4 mm. broad, in which a few very fine brick- 
red points are scattered. Nowhere in the lungs were 
there any recent tubercles. 

Finally all lobes, with the exception of the 
right middle, contain both large and small irregular 
sinuous cavities. The largest of these are in the 
somewhat shrunken right lower lobe, the whole 
upper half of which is excavated. This cavity is 
traversed by several bridge-like strands and its wall 
is in part fairly smooth, being covered with a loose 
greyish-yellow membrane, in part covered with a 
necrotic and sometimes brick-red mass. In both 
apices below the fibrous areas already described and 
in the left lower lobe there are small cavities from 
the size of a hazelnut to the size of a large cherry, 
the ragged walls of which are covered by necrotic 
masses, some pale greyish-yellow, others brick-red 
in colour. 

The walls of the larger arteries and veins within 
the lung parenchyma are unstained throughout. 
Also the larger bronchi, which mostly contained 
some brick-red mucus in their lumen, do not show 
the brick-red coloration either on the inside surface 
or in the thickness of the wall. On the other hand, 
confluent brick-red spots occur in the finest 
bronchioles, which can still be followed with the 
scissors (that is those which are not too small to be 
opened up with scissors). These spots, as the 
microscopical investigation of vertical sections 
shows, are formed by dense granular deposits in the 
deeper tissue layers of the bronchial wall, whereas 
the surface layer is quite unstained. The thickness 
and the other characteristics of the bronchial wall, 
in the case of all the branches which can be traced 
with scissors, are quite normal. 

The bronchial glands at the root of both lungs are 
about normal size, in the central areas mainly black, 
while the superficial layer is everywhere stained an 
intense brick-red colour. To some extent brick-red 
spots are scattered through the black coloured areas. 

[At this point Zenker records in detail the results 
of the chemical investigation of the lung tissues 
undertaken for him by Professor von Gorup- 
Besanez.] 

Fifty-seven g. of lung tissue treated with hydro- 
chloric acid yielded 0-828 g. iron oxide, equivalent 
to 14:5 g. iron oxide per 1,000 g. lung tissue. The 
entire right lung weighed 780 g. Only 400 g. of 
left lung were available for weighing but whole 
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weight was estimated as 720 g.. which makes the 
aggregate weight of the two lungs approximately 
1,500 g. This indicates a total iron oxide content of 
about 21-22 g. The specific gravity of the lung 
tissue (a) from which ail air was thoroughly ex- 
pelled compared with that of a healthy man, 
aged 40 years (5), and with that of an old man (c), 
each after immersion in spirit was (a) 1-065, 
(b) 1-015, and (c) 1-0025. 

Professor von Gorup-Besanez also examined the 
powder which the deceased had handled in her 
occupation and found it to be identical with that 
recovered from the lung tissues. 

Microscopical examination shows (Plate III, 
Fig. 2) that the pigmentation of the tissue is caused 
by more or less densely packed fine particles de- 
posited in the parenchyma, which, as regards their 
size and other features, agree completely with the 
previously described iron particles constituting the 
granular matter in the air passages. These lie 
thickest, aggregated into compact opaque masses, 
and thus obliterating all tissue elements in the 
lobular septa and to a great extent also in the in- 
fundibular septa. The latter are in part distended 
into enormous thick bands and particularly the 
nodules frequently form irregular, thick, opaque 
masses, which in bulk exceed the area of one or 
even of several alveolar sections. Where the 
deposit is less dense the iron particles in many 
places lie embedded in the parenchyma aggregated 
into little roundish or linear concentrations, thus 
giving the appearance of being enclosed within 
cells; and this hypothesis gains plausibility (though 
in the case of most of the accumulations it cannot be 
proved directly) through the little spaces, corre- 
sponding to the site of the granule, which here and 
there appear in these accumulations. 

In the pleura as well as in the tough nodules (to 
which I shall come back later) these granular 
accumulations are mostly spindle-shaped. The 
alveolar septa are also in part densely permeated by 
iron particles and in places they then form shapeless 
thick bands, completely obscuring and significantly 
narrowing the alveolar spaces. Here the iron in- 
filtration extends right up to the margin of the 
alveolus. In other areas, however, only isolated 
iron particles are scattered quite sparsely in the 
otherwise normal tissue of the alveolar septa, while 
other areas are quite free altogether. The innermost 
layer of the alveolar wall particularly (except for the 
most intensely infiltrated areas) is in the main free 
from particles. Similarly this was so where they are 
visible in the case of the projecting capillaries. 
Epithelium was not present in the alveoli. Here 
and there smaller or larger irregular areas of black 
lung appear through the brown masses. However, 
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in view of the patient’s age there is too little rather 
than too much evidence of these [black areas]. 

The adventitia of the finer air passages mostly 
reveal a rather dense, opaque infiltration of iron, 
whereas the rest of the bronchial wall is free of it. 
Only in the finest branches which can be traced with 
the scissors, as already remarked, has the iron 
infiltration penetrated right into the deeper layers 
of the mucous coat. And here the adjacent mucous 
membrane in places shows coloured globules with 
radial markings (apparently phosphorus, iron oxide, 
and vivianite) about which, however, I cannot say 
whether they were already present in the fresh 
specimen. Sporadic instances of the same forma- 
tion have been found in some other specimens. 
The sclerotic nodules in the lung tissue everywhere 
present the structure of a coarse fibrous connective 
tissue, which reveals itself (after treatment with 
acetic acid) as being permeated with very small 
predominantly spindle-shaped elements. These in 
some places contain distinct small nodules and in 
other areas where they are more widely distributed 
they are filled with unstained (apparently fatty) 
particles or finally in those parts (corresponding to 
the brick-red spots of the cut surface) with brown 
iron particles. Here and there right through such a 
nodule can be seen running for some distance the 
still intact wall of an apparently obliterated blood 
vessel. The structure of the connective tissue within 
the nodule reaches right up to the edge of the 
lacunae. These cannot therefore be identified with 
certainty, even microscopically, as cross sections of 
bronchi. 

Accordingly we are certainly entitled to expect 
that further confirmation will not be lacking for the 
evidence here described, now that attention has 
been directed to it. For this new form of disease, 
I coin, by analogy with anthracosis (which designa- 
tion will soon be adopted generally) the name 
siderosis of the lungs (from ovnpos, iron) and one 
can then designate as phthisis siderotica the most 
serious ulcerative forms, as illustrated by our first 
case (red phthisis as opposed to black phthisis). 
After we have learned to recognize in anthracotic 
and siderotic lungs two varieties of the disease, 
which are identical in all essential points with 
respect to mode of origin and symptoms and differ 
only in the nature of the inhaled dust, we may 
subsequently expect that still other comparable 
diseases will be added (for example that due to the 
inhalation of tobacco dust as will be established in 
the next paper). It will then be necessary to embrace 
under a single title all these essentially identical 
forms of disease. Instead of the long-winded 
designation employed by me as the title of this 
article, which appears to me to express best the 
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essence of the matter, the name Pneumonokoniosis 
(from «ovis, dust) recommends itself. One would 
then require to distinguish the individual forms as 
pneumonokoniosis anthracotica, siderotica, etc. (or 
just briefly as anthracosis, siderosis). 


NOTE 


Specimen of Original Lung at St. Thomas’s 
Hospital, London 
Dr. Roland John, at present curator of the 
pathology museum at St. Thomas’s Hospital, 
London, has provided the following interesting 
item of information. 
“The specimen (3B.11.9—1840A) to which you 
refer in your letter of December 2 is still in the 
museum. It is, probably, a portion of the specimen 


referred to by Dr. Greenhow (Path. Soc. Trans., 
20, p. 57). Dr. E. H. Greenhow, assistant physician 


to the Middlesex Hospital, read a paper before the 


Pathological Society of London on April 20, 1869. 
In it he refers to two cases of iron oxide pigmentation 
of the lung published by Zenker and showed the 
Society a thin slice from the lung of a woman of 
31 years, who had worked for seven years at the task 
of rubbing iron oxide dust into the paper of books 
made to contain gold-leaf. Dr. Greenhow mentioned 
that he was able to show this specimen to the Society 
by the courtesy of Dr. Wilson Fox, who was professor 
of clinical medicine at University College, London. 
From the foregoing it would appear that Professor 
Wilson Fox was in possession of a slice of this lung 
which he may or may not have received directly from 
Zenker, that he gave some or all of the specimen to 
Dr. Greenhow for the museum at the Middlesex 
Hospital, and that the latter institution gave the part 
we have to the museum at St. Thomas’s.”” 
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OBITUARY 


Dr. Sydney Henry died in London on February 13, 
1960, at the age of 79. He came into industrial medicine 
through general practice in Rochdale where he was the 
certifying factory surgeon. Encouraged by his friend, 
Sir Thomas Legge, he left his practice in 1920 to become 
a medical inspector of factories. For 10 years he worked 
in Manchester where he came into contact with the 
problems of byssinosis and mule spinners’ cancer in the 
cotton industry. He was secretary to the Departmental 
Committees which enquired into these hazards, and 
Henry was acknowledged as an outstanding secretary 
because of his tact, courtesy, knowledge, and 
indefatigable zeal. 

His own work on cancer of the scrotum, in which he 
revealed its risk in various trades, is an outstanding 
contribution to occupational health. He footslogged 
through remote towns and villages ferreting out the 
occupational history of the musician, the egg dealer, 
and the parish clerk who had died of scrotal cancer. 
In this work he was helped particularly by his non- 
medical colleagues whose intimate knowledge of in- 
dustrial processes and suggestions as to cause were so 
valuable to him. 

His researches into occupational cancer were recog- 
nized by the Royal Colleges of Physicians and Surgeons. 
He had the rare honour of being elected a Fellow of 
both colleges. At both colleges, he endowed lecture- 
ships in industrial medicine in the names of his 
parents. 

Henry was a selfless man who gave his unstinted 
services to the Factory Department which he loved so 
much. It was always the prestige of the Department 
which mattered and he had a complete disregard for his 
own status. He did not seek the honours bestowed on 
him, nor did he wish to receive any official recognition 
for his outstanding work as a public servant. 

He had an intensity and vigour tempered by humour 
which overcame many difficulties and frustrations. He 
was well known for his forgetfulness of what he regarded 
as trivialities—his bag or railway ticket—but he seldom 
forgot his lantern slides or the notes of his research and 
he was always ready to help those in trouble. 

There are more than a few of us in industrial medicine 
today who owe a great deal to Sydney Henry— 
appointed factory doctors and industrial medical officers 
to whom he taught the principles and ethics as well as 
the details of their work. But perhaps those who owe 
most of all to him are the few who became medical 
inspectors when Henry was in the London office. They 
will always remember his kindness and his generosity and 
the way he instilled into them the things that really 
mattered in their lives. 

I have a vivid memory of him, peering over his 
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Age and the Working Lives of Man. By F. Le Gros 
Clark, with a Foreword by L. Farrer-Brown, Director of 
the Nuffield Foundation. (Pp. 68. 3s.) London: The 
Nuffield Foundation. 1959. 


In this monograph Mr. Le Gros Clark has brought 
together the findings and the interpretative ideas from a 
number of industrial, medical, and social studies in an 
attempt to assess the extent to which ill health limits the 
employment of men in old age. His approach is positive 
and constructively critical, and to the factual data are 
added his own comments and “reasoned guesses”. The 
result is a worthy addition to his long series of studies 
in this field. 

The work surveys health assessments and job changes, 
mainly between 60 and 65, and retirements, mainly 
from 65 to 70. The similarity of the data about these 
from different sources is striking and leads the author to 
the conclusion that “The statistics seem to give little 
support to any proposal for raising the pensionable age. 
A postponement of the statutory age would probably 
only mean a corresponding increase in National 
Assistance and Unemployment charges”. 

The author is clearly aware that overall figures for the 
whole population or for broad classes of industry do not 
take account of the fact that a disability, which may be 
crucial for a man in one type of job, may be of little 
importance for one in another type. Again they neglect 
the fact that the range of jobs open to a man who has to 
leave his work will very much depend on his previous 
training and experience. Mr. Le Gros Clark stresses the 
point, made by the present reviewer and his colleagues 
as long ago as 1950, that studies must be directed to 
individual jobs rather than whole industries, and he 
backs this contention with some striking and provocative 
figures from the 1931 and 1951 census tables. 

These are probably the best data readily available 
although, as the author is aware, they still fall short of 
what is really needed: at some stage knowledge is 
required about normal age changes of bodily and mental 
capacity, together with detailed assessments of the 
demands made by various jobs. Without these it is 
impossible to take account of the subtle but important 
differences which often exist in the work done by men 
whose jobs are nominally the same. 

Mr. Le Gros Clark has performed a great service in 
this monograph by showing clearly the overall picture 
provided by various statistical surveys, and at the same 


glasses breathing heavily. Suddenly, he would stop 
breathing, tilt back his head, look closely and intently 
through his strong lenses and ask a profound question. 
He almost compelled one to give the absolute truth. 
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time demonstrating how existing government and 
industrial records often leave us frustratingly short of 
what we really want to know. A. T. WELForD 


Digest of Statistics Analysing Certificates of Incapacity 
1955/56. (Pp. 177: multigraphed double-foolscap ; 
71 tables, 2 charts). London: Ministry of Pensions and 
National Insurance. 1958. 


The digest of statistics produced for 1955/56 by the 
Ministry of Pensions and National Insurance follows 
the usual pattern. The statistical year runs from June 
to June; and although this means that direct com- 
parisons with mortality and other data for the calendar 
year are impossible, there is the epidemiological ad- 
vantage that the experience in one winter can be readily 
compared with the next. The weekly time trends of 
sickness claims over the winters since 1948/49 make the 
value of such comparisons quite evident. More precise 
comparisons between 1955/56 and earlier years have 
been tabulated by standardizing the various annual 
claim rates on the basis of the age and sex distribution 
of the insured population in 1951. The standardized 
claim rates are set out by cause, for each sex separately, 
for the various causes of disability in the International 
List. These rates suggest a rather alarming increase in 
the frequency of conditions such as anxiety states 
from 0-5 to 1-3 per 1,000 between 1951 and 1955. These 
rises are, however, generally confined to chronic dis- 
abling conditions and are likely to be the result of the 
extension of the sickness insurance scheme to the whole 
population including the chronic sick. 

New tables describe the number of individuals re- 
ceiving benefit during the year according to the occu- 
pation as given by the claimant on his first claim for 
sickness benefit. The distribution of length of the spells 
of sickness absence for each of the main causes is also 
given for each occupational group. Unfortunately, in 
1955, four years after the census, no accurate estimate 
of the population exposed to risk was readily available 
so that no rates by occupation could be computed. 
Industrial accidents are given for each industry, and a 
supplementary table sets out the number of individuals 
sustaining one, two, three, etc. accidents during the 
course of the year. For both accidents and prescribed 
diseases the total number of claims by men and women 
are given in each of the major industries. The remaining 
tables are substantially the same as in previous years. 

As the preface to this publication makes clear, the 
information is intended for the use of medical and social 
research workers and administrators. To the physician 
practising in industry, its immediate interest and value 
is thus likely to be limited. On the other hand, the 
tabulations represent much information whose potentiai 
is too often underrated. That potential! is unlikely to be 
realized until the problem of computing the exposure to 
risk is firmly tackled. At present only an estimate of the 
age and sex distribution of the whole insured population 
is given so that interpretation of the claim counts given 
in such detail for various occupational and regional 
groupings cannot be readily undertaken. The diffi- 
culties of providing population estimates for such 
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groupings, occupational or regional, are patent, but the 
Ministry should feel confident enough about the value 
of the material at their disposal to make the substantial 
investment in time and effort which such population 
estimates will require. Certainly, without age and sex 
specific claim rates, the value to research workers in 
occupational medicine of these annual reports is likely 
to remain rather limited. D. D. Rep 


Rehabilitation [Vol. 5 of the Supplements of Zb/. 
Arbeitsmed.| By Hermann Miink. (Pp. 152; 25 figures, 
29 diagrams. DM 20.-.) Darmstadt: Steinkopff 
Verlag. 1959. 


The writer has divided this volume into sections, each 
of which is discussed by a specialist. He gives a review 
of work done in the Anglo-Saxon countries and then 
describes activities of this kind in Germany. There is 
an interesting chapter on the legal aspect of injury or 
sickness associated with working conditions. It is 
pointed out that, by more attention to prophylaxis and 
the quicker change of or modification of work, many 
who become a charge on sick and other funds would not 
need to do so. This seems to be particularly true of 
those who suffer from circulatory disorders. Methods 
have been introduced in the town of Ohlstadt in which 
such patients are put through a course of training which 
may well be described as athletic. It is considered 
essential that the doctor controlling this preventive 
treatment should himself take part in the course. Results 
hitherto seem very good indeed. 

The orthopaedic appliances illustrated and described 
seem to be similar to those known in Great Britain, but 
side by side with this much attention is given to the 
psychiatric problems of injury, and the cooperation 
between the surgeon and the psychiatrist seems to be 
closer than with us. 

Although not strictly rehabilitation work, much space 
is devoted to the design of machines, whether for use by 
well or handicapped personnel. With this, time and 
motion study goes hand in hand. 

One contributor laments the increasing proportion of 
industrial workers in Germany who have had no special 
training, possess no special skill and thus, paradoxically, 
may sometimes learn new methods more easily than 
those who have been taught old ones. Some attention 
is given to seating and lighting. 

A protest is made, very rightly, about too summary 
a classification of an injured person without detailed 
consideration of the activities which are not impossible, 
those which are more difficult, and those which are 
unaffected. This protest is most emphatic when head 
injuries are described, for it is with these that such a 
great variety of effects can occur and likewise with these 
that the psychiatric and organic injuries are so inter- 
mingled. 

This book is well presented and, for its size, packed 
with very good material. G. C. PETHER 


The Chemistry of Industrial Toxicology, 2nd ed. By 
Hervey B. Elkins. (Pp. xi + 452; 26 figures. 92s.) New 


York: John Wiley and Sons; London: Chapman and 
1959. 
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The first edition of this book appeared in 1950 and was 
a valuable manual for works’ managers and those 
involved in supervision of the handling of toxic materials 
in industry. In the preface to this edition it is pointed out 
that standards of permissible concentrations of toxic 
substances have found increasing acceptance and have 
become more severe. Also, many new analytical methods 
have been developed over the past decade, with particular 
emphasis on the analysis of body fluids. The author 
claims to have made an attempt to include the more 
important of these new developments, but seems to have 
been more successful in gathering toxicological data than 
analytical methods. 

The layout of the book is good with a comprehensive 
chapter on air-sampling devices and discussion of their 
practical advantages and disadvantages. Chapters are 
devoted as before to the elements, inorganic compounds, 
differen: classes of organic compounds, and natural and 
industrial products. Toxicity data have been brought 
up to date and the bibliography increased accordingly. 
There is a new chapter on radioactive isotopes and in- 
creased information on the chlorinated hydrocarbon and 
organophosphorus insecticides. 

The chief disappointment is in the almost unchanged 
section on analytical methods where little notice seems 
to have been taken of the new techniques referred to in the 
preface. Many of the methods are unspecific, as, for 
instance, those for chlorinated hydrocarbons by alkaline 
hydrolysis and titration; this is a pity, as the toxicity of 
a solvent may well depend on the amount of a related 
impurity present. Little advance has been made in the 
use of colorimetric methods which, besides being often 
quick and specific, are peculiarly suited to the analysis 
of multiple samples. Several of the colorimetric methods 
retained from the first edition still irritate by instructing 
the worker to “read through a No.—filter’’; may we not 
have the wavelength of maximum adsorption given also? 
New alternative methods are given for cyanide and form- 
aldehyde and there are methods for two or three com- 
pounds in urine not previously listed, besides methods 
for uranium, plutonium, radium, and strontium 90. There 
is only one example given for mixed toxic materials, that 
for benzene and toluene in air. Headings in Tables 41, 
42, 43, and 46 are confusing, and Table 51 states no units 
of volume. 

Both type and page size have been increased; this has 
not improved legibility but may have contributed to the 
doubling of the price from 44s. to 92s. 


M. K. JOHNSON 


De Industriele Loodintoxicatie in Nederland. By R. L. 
Zeilhuis. (Pp. 271; 46 figures, 45 tables, English 
summary of 5 pp.) Leiden: N. V. Drukkerij V/H 
Batteljee and Terpstra. 1959. 


The author finds lead the commonest industrial poison 
in the Netherlands and discusses the complex nature of 
varying types of industrial exposure. He finds battery 
manufacture and the making of certain pigments to be 
associated with considerable risk while he remarks on 
the comparative freedom of painters and printers from 
lead trouble. Preventive action must not await symptoms 


and the level of absorption should never be sufficient to 
produce these. The author finds punctate basopbhilia, 
the increase in the reticulocyte count and the rise in 
urinary coproporphyrins to be the most valuable indices 
of intoxication. The lead content of urine or blood 
provides less information about the reaction of the 
organism to the poison though it may give a precise 
measure of the level of absorption. Furthermore, the 
difficulty of the methods makes them unsuitable for 
routine screening of large industrial populations. 

He concludes that of the various laboratory control 
methods punctate basophilia, as estimated by a dark 
ground technique, is a reliable method, while increased 
urinary coproporphyrin is an early sign of increased lead 
intake but is not such a reliable index of the extent of 
any subsequent increase. He regards a fall in haemo- 
globin as likely to be associated with increased “exposure 
intensity”. 

The author maintains that his investigations show that 
the MAC should certainly not be raised above 0-15 mg. 
per c.m. He wisely emphasizes the danger of dis- 
tributing Ca EDTA as a prophylactic measure. Such 
practice he regards as quite unjustifiable; prophylaxis 
depends on good hygiene. 

This is a sound, honest, and practical study of the lead 
industry of the Netherlands. It has been carried out with 
care and with common sense and even for those who, 
like the reviewer, have to rely on the English summary 
there is much to be learned about the supervision of the 
workman in the lead industries. 

R. E. LANE 


Exploration in Group Relations. By E. L. Trist and C. 
Sofer. (Pp. 64. 7s. 6d.) Leicester University Press. 
1959. 


This is a report of the first full-scale experiment in 
Britain with the “laboratory” method of training in 
group relations, the conference held in September, 1957, 
by the University of Leicester and the Tavistock Institute 
of Human Relations. Members of the Conference in- 
cluded a wide variety of those whose work brings them 
into close contact with such problems, as personnel 
managers, labour officers, probation officers, teachers, 
and wardens of educational establishments, and even 
prison governors. The methods used were based on 
those pioneered by the National Training Laboratory 
in Group Development at Bethel, Maine, and its allied 
institutions in the United States; that is to say, on small 
leaderless study groups of six to 12 members each with 
a consultant and an observer, similarly organized 
application groups, which (unlike the former) were 
given specific projects, and concurrent lectures and 
tutorials on social theory. All staff were professional 
psychologists or social scientists and those who con- 
ducted the study groups were psychoanalytically trained. 

Although the British version of Bethel does not seem 
to have reached the emotional, “palsy-walsy”, confes- 
sional heights of the sessions in the parent body; one does 
not hear, for example, that the group members’ place 
cards were labelled in large letters with such abbreviated 
first names as “Joe’’, “Pru”, “Herb”, or “Bill”, nor that 


3 
= 
t 
3 
; 
3 
| 
3 
$ 
4 
: 


ce 


164 


they were wont to sing in the dining-room the soul- 
stirring couplet: 
“In S-groups we will bare our souls; 
In A-groups we will play our roles.” 

They appear, nevertheless, to have exhibited the appro- 
priate group and individual emotional responses. One 
hopes that their abreactions were equalled by their 
insight. 

Such methods are doubtless significant and useful in 
research. But from the point of view of training of 
management in industry it is necessary to consider them 
from other standpoints and ask such questions as: 
(1) What are the practical results of such training, and is 
the period (12 days in this case) long enough? (2) Do 
the results justify the cost, which at Leicester was £125 
per person excluding certain additional costs borne by 
the University? (3) Does a too-exclusive concern with 
the once neglected emotional reactions of the primary 
face-to-face working group lead to disregard of the 
equally important problem of rational, formal organi- 
zation in a business concern ? 

We are willing to accept Elton Mayo’s demonstration 
that a collection of mature adults may form a very 
immature working group but is it adequately realized 
that a collection of mature working groups brought up 
in the best traditions of ““human relations in industry” 
may, in the absence of adequate organization, form a 
grossly inefficient factory or industry ? 


J. A. C. Brown 
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they were wont to sing in the dining-room the soul- 
stirring couplet: 
“In S-groups we will bare our souls; 
In A-groups we will play our roles.” 

They appear, nevertheless, to have exhibited the appro- 
priate group and individual emotional responses. One 
hopes that their abreactions were equalled by their 
insight. 

Such methods are doubtless significant and useful in 
research. But from the point of view of training of 
management in industry it is necessary to consider them 
from other standpoints and ask such questions as: 
(1) What are the practical results of such training, and is 
the period (12 days in this case) long enough? (2) Do 
the results justify the cost, which at Leicester was £125 
per person excluding certain additional costs borne by 
the University? (3) Does a too-exclusive concern with 
the once neglected emotional reactions of the primary 
face-to-face working group lead to disregard of the 
equally important problem of rational, formal organi- 
zation in a business concern? 

We are willing to accept Elton Mayo’s demonstration 
that a collection of mature adults may form a very 
immature working group but is it adequately realized 
that a collection of mature working groups brought up 
in the best traditions of “‘human relations in industry” 
may, in the absence of adequate organization, form a 
grossly inefficient factory or industry ? 


J. A. C. BRown 
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figures. 84s.) Philadelphia and London: W. B. 
Saunders. 1959. 

Fire Research 1958. Report of the Fire Research 
Board with the Report of the Director of Fire Research. 
(Pp. vi + 54; 21 figures + 8 plates. 5s.) London: 
Department of Scientific and Industrial Research. 
1959. 


British Steel Castings Research Association: Sixth 
Annual Report, 1959. 
1989, 


(Pp. 28; illustrated.) Sheffield. 
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Individual Vorbeugungsmassnahmen gegen berufliche 
Auginschadigungen. By A. S. Schafranowa. (Pp. 132; 
29 figures. DM 14-20.) Berlin: VEB Verlag Volk und 
Gesundheit. 1959. 


Tata Industrial Health Refresher Course, 1958. (Pp. 28: 
13 photographs.) Bombay. 1959. 


Paraplegie Traumatiche. Edited by Ettore Tranquille- 
Leali. (Pp. xxxvii + 964; 279 figures, 37 colour plates.) 


Rome: Istituto Nazionale — Infortuni. (Edizioni 
I.N.A.L.L.) 1959. 
Pneumoconiosis Abstracts, Vol. III: 1951-1955. 


Reproduced from the Bulletin of Hygiene by permission 
of the Bureau of Hygiene and Tropical Diseases. 


(Pp. viii + 376. 65s.) London: Pitman Medical 
Publications. 1959. 

Radiation Hygiene Handbook, Ist ed. Edited by 
Hanson Blatz. (Pp. xi + 928 + Index; _ illustrated. 
£10. 13s.) London: McGraw-Hill. 1959. 


Klinik und Therapie der Vergiftungen, 3rd ed. By 
Sven Moeschlin. (Pp. xii + 655; 92 figures; DM 59.-.) 
Stuttgart: George Thieme. 1959. 


Preventive Aspects in the Teaching of Pathology. 
Seventh Report of the Expert Committee on Professional 
and Technical Education of Medical and Auxiliary 


Personnel. [Wid Hlth Org. techn. Rep. Ser. No. 175.} 
London: H.M.S.O.; Geneva: World —Heaith 
Organization. 1959. 


Role of Hospitals in Ambulatory and Domiciliary 
Medical Care. Second Report of the Expert Com- 
mittee on Organization of Medical Care. [Wid Hlth 
Org. techn. Rep. Ser. No. 176.] (Pp. 32. 1s. 9d.) London: 
H.M.S.O.; Geneva: World Health Organization. 1959. 


Recherches sur la Toxicologie du Thallium. By René 
Truhaut; Preface by René Fabre. (Pp. 272; 54 figures.) 
Paris: Institut National de Sécurité pour la Prevention 
des Accidents du Travail et des Maladies Preofessionelles. 
1958. 


Beschaftigungstherapie: Einfiihrung und Grundlagen. 
Edited by G. Jentschura; Foreword by K. Lindemann. 
(Pp. viii + 300; 125 figures. DM 45.-.) Stuttgart: 
Georg. Thieme. 1959. 


Expert Committee on Hygiene and Sanitation in 
Aviation. First Report. [W/d Hlth Org. techn. Rep. 
Ser. No. 174.) (Pp. 62. 3s. 6d.) London: H.M.S.O.; 
Geneva: World Health Organization. 1959. 


Cigarette Smoke Condensate: Preparation and Routine 
Laboratory Estimation. By H. R. Bentley and J. G. 
Burgan. Tobacco Manufacturers’ Standing Com- 
mittee Research Papers No. 4 (Pp. 9.) London: 
Campbell-Johnson. 1959. 


Report on the Health of the Royal Air Force and 
Women’s Services of the Royal Air Force for the Year 
1956. (A.P. 3319/56) (Pp. 78; 26 tables, 10 charts.) 
London: Air Ministry. 1959. 


Principles of Disability Evaluation. By 
Cawthorn Smith. (Pp. xiii + 210. 56s.) 
Pitman Medical Publications. 1959. 
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Work and the Heart. By 93 Authors, edited by 
Francis F. Rosenbaum and Elston L. Belknap. (Pp. xxii 
+ 537; illustrated. $12.00.) New York: Paul B. 
Hoeber. 1959. 


Medical Surveys and Clinical Trials. By L. J. Witts. 


(Pp. x + 328; 17 figures. 35s.) London: Oxford 
University Press. 1959. 

Tata Services PRIVATE Ltd. Annual Report 1958. 
(Pp. 43.) Bombay. 1959. 

Your Health and Your Wealth. By A Doctor. (Pp. 147. 
7s. 6d.) Bristol: John Wright. 1959. 


The Nuffield Foundation Fourteenth Report— Year 
ended March 31, 1955. (Pp. 201.) London. 1959. 


Digest of Pneumoconiosis Statistics 1959. Ministry of 
Power. (Roneod. 3s. 6d.) London: H.M.S.O. 1959. 


Medical Aspects of Amateur Boxing. (Pp. 64. 2s. 6d.) 
London: Amateur Boxing Association. 1959. 


Bibliography of Cancer Produced by Pure Chemical 
Compounds. A Survey of the Literature up to and 
including 1947. By Otto Neubauer. (Pp. xxvii + 604. 
42s.) Clarendon Press (London: Oxford University 
Press). 1959. 


Water Supply for Rural Areas and Small Communities 
(Monogr. Series No. 42). By E. G. Wagner and J. N. 
Lanoix. (Pp. 340. 35s.) London: H.M.S.O.; Geneva: 
World Health Organization. 1959. 


Diabetes in Arbeid. By E. H. W. Wijnmalen; Fore- 
word by Prof. P. Muntendam. (Pp. 171. H.fi. 9.50) 
Assen: Van Gorcum. 1959. 


Detoxication Mechanisms: The Metabolism and 
Detoxication of Drugs, Toxic Substances and Other 
Organic Compounds, 2nd ed. revised and enlarged. By 
R. Tecwyn Williams. (Pp. x + 796. 126s.) London: 
Chapman & Hall. 1959. 


Miscellaneous Notes (Fifth Series). By F. Parkes 
Weber. (Pp. 21. 5s.) London: H. K. Lewis, 1960. 

The Slough Industrial Health Service Twelfth Annual 
Report 1958-1959. (Pp. 28.) Windsor: Oxley & Son 
(Windsor) Ltd. 1959. 


The Health of the Dock Worker {Education Booklet 
No. 2, January, 1960). By Sir Hugh Griffith. (Pp. 18 
roneo.) London: National Dock Labour Board. 1960. 


Notice sur les publications relatives aux recherches 
realisées avec l’aide financiére de la haute autorité de la 
communauté Européenne du Charbon et de l’Acier dans 
le domaine de Ihygiéne et de la médecine du travail. 
(67 off-prints.) Luxembourg: European Coal and Steel 
Community. 1958/1959. 


The Health of Business Executives. The Transactions 
of a One-Day Conference held in the Royal Festival 
Hall, London, 20th November, 1959. (Pp. 126.) London: 
The Chest and Heart Association. 1960. 

Growing Up in Newcastle Upon Tyne. By F. J. W. 
Miller, S. D. M. Court, W. S. Walton, and E. G. Knox. 
(Pp. xxi + 369; 23 figures. 25s.) Published for the Nuffield 
Foundation by Oxford University Press, London. 1960. 
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Elsevier Monographs: Harmful Effects of lonising 
Radiations. By Ethel Browning. (Pp. xii+ 158; 5 figures. 
15s.) London: D. Van Nostrand. 1960. 

A Handbook of Diseases of the Skin, 6th ed. By H. O. 
Mackey. (Pp. 263; 200 figures. 8s. 6d.) London: 
C. J. Fallon Ltd. 1959. 

Thermal Discomfort in an Equatorial Climate. [Reprint 
from J. Inst. Heating and Ventilating Engrs.| By C. G. 
Webb. (Pp. 8; 3 figures). January, 1960. 


A Doctor’s Approach to Industrial Medicine. By H. P. 


Dastur. (Pp. 151). Bombay: Tata Institute of Social 
Sciences. 1960. 
European Technical Conference on Food-borne 


Infections and Intoxications. Report. [Wid Hlth Org. 
techn. Rep. Ser. No. 184.) (Pp. 18. 1s. 9d.) London: 
H.M.S.O.; Geneva: World Health Organization. 1959. 

The Demand for Medical Care: A Study of the Case- 
load in the Barrow-in-Furness Group of Hospitals. By 
Gordon Forsyth and Robert F. L. Logan. (Pp. 153. 
7s. 6d.) Published for the Nuffield Provincial Hospitals 
Trust by Oxford University Press, London. 1960. 

Digest of Statistics Analysing Certificates of Incapacity 
1956-57. (Roneod double f’scap; 2 charts+ 52 tables.) 
London: Ministry of Pensions and National Insurance. 
1960. 

General Anaesthesia for Dental Surgery. By R. S. 
Walsh. (Pp. viii+94; illustrated. 21s.) London: 
Longmans, Green. 1960. 

Accidents and Ill-Health at Work. By John L. Williams. 
(Pp. 516. 45s.) London: Staples Press. 1960. 


Fifth European Congress of Aviation Medicine, 1960 

The scientific programme of this Congress will be held 
at the Royal College of Surgeons, Lincoln’s Inn Fields, 
London, W.C., from Tuesday, August 30, to Friday, 
September 2, 1960. 

The theme of the programme will be ‘‘Human 
Problems of Supersonic and Hypersonic Flight”. There 
will be two sessions (one in the morning and another in 
the afternoon) each day on August 30 and 31 and on 
September 2. In addition, on September | a visit will 
be paid to the Royal Air Force Institute of Aviation 
Medicine at Farnborough. 

The subject headings of the various sessions will be 
as follows :— 

Session 1.—Flying Personnel Research, including such 
topics as selection procedures, medical fitness, age limits, 
and transfer of training. 

Session 2.—Human Efficiency Related to Flight Per- 
formances and Operational Procedures, covering such 
topics as fatigue, vigilance, acceleration, flight time 
limitations, environmental and climatic changes and 
rhythms, and collision. 


BOOK REVIEWS 


Session 3.—Human Efficiency Related to Airborne 
Systems, dealing with such items as presentation of 
information, navigation, warning systems, landing and 
take-off monitoring systems, and manual, automatic and 
semi-automatic systems. 

Session 4.—Flight Environment and Safety, including 
such matters as vibration, noise, kinetic heating, 
decompression, and vision. 

Session 5.—Human Efficiency Related to Ground 
Control Systems, covering such topics as selection, 
collisions, general aspects of systems and controllers, use 
of computors, and data link or inter-communication. 

Session 6.—Miscellaneous Papers and General Meeting. 

Papers to be presented at the Congress must be 
sent to: Air Commodore W. K. Stewart, R.A.F. 
Institute of Aviation Medicine, Farnborough, Hants, 
England, before June 1, 1960, and each must be accom- 
panied by a précis not exceeding 250 words which should 
be written in English or French. Papers received after 
this date cannot be accepted for presentation at the 
Congress. Though précis must be in English or French, 
papers may be written in other languages, but, owing to 
translation difficulties, they should be in English or 
French wherever possible. 


International Symposium of Dermatology 


The Czechoslovak Association of Dermatologists, 
together with the Association of Dermatologists of the 
Bulgarian Democratic Republic and the Association 
of Dermatologists of the German Democratic Republic, 
in cooperation with the Czechoslovak Society of 
Occupational Medicine and Allergy, have arranged a 
symposium on industrial dermatoses to take place in 
Prague from October 12 to 15, 1960. Enquiries should be 
addressed to the General Secretary of the Symposium, 
Dr. Guido Hornstein, Dermatological Clinic of the 
Medical School of Hygiene, Prague 12, Srobarova 50. 


London School of Hygiene and Tropical Medicine 
Course in Occupational Health 


A whole-time course in occupational health will be 
held at the London School of Hygiene and Tropical 
Medicine from September 27 to December 9, 1960. It 
is for registered medical practitioners who desire training 
or a refresher course in this subject. For those who hold 
the D.P.H. it will provide the additional requirements 
for entry to the D.I.H. (England). The fee (including 
registration fee) is 30 guineas. Applications should be 
sent to the Registrar, London School of Hygiene and 
Tropical Medicine, Keppel Street (Gower Street), 
London, W.C.1. from whom further particulars may be 
obtained. The number of places is strictly limited. It is 
proposed to reserve a few places for those already in 
industry from whom late applications will be considered. 
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Against 


of the Skin 


M&B brand Medical Products 
® Manufactured by MAY & BAKER LTD 


DISTRIBUTORS: PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD: DAGENHAM 


‘BRULIDINE’ 


trade mark 
ISETHIONATE CREAM 


an effective antiseptic cream for the pro- 
tective treatment of minor injuries. burns 
and scalds. ‘Brulidine’ is supplied in 1 oz. 
tubes and 1 Ib. containers. 


‘OTAMIDYL’ 


EAR DROPS 


an antibacterial and antifungal agent for 
treatment of otitis externa and chronic 
suppurative otitis media. ‘Otamidyl’ is 
supplied in 15 ml. dropper bottles and 100 ml. 
containers. 


“BROLEN 


 trede mark 
ISETHIONATE EYE OINTMENT 


a well tolerated, antibacterial eye ointment 
of special value in conjunctivitis. ‘Brolene’ 
is supplied in 5 G. tubes. 


Detailed information is available on request. 
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TRIUMPHS OF SHELL RESEARCH 


More safety 

for hands— 

less worry for you 
with New Shell 
Dromus Oils 


Shell have produced a new range of soluble 
cutting oils which will lessen one problem 
for Works Medical Officers. These new oils 
reduce the chance of skin troubles for machine 
operators, caused by the use of phenolic com- 
pounds as coupling agents in modern soluble 
cutting oils. 


The phenolic compounds have been used to 
promote better blending and easier mixing, and 
the problem facing Shell research chemists was 
to find the best alternative. They found one 
which has a higher fatty alcohol complex and 
they have thus been able to reformulate the 
Shell range of Dromus Oils. 


The New Dromus Oils are every bit as efficient 
as before and cost no more. They put manage- 
ment in the position of being able to reduce 
working hazards at no extra cost. 


Full information will gladly be supplied about 
these new oils. And a trial for any industrial 
medical officer can be arranged. Write to the 
Lubricants Department, Shell-Mex and B.P. 
Ltd., Shell-Mex House, London, W.C.2. 


NEW DROMUS SOLUBLE 


CUTTING OILS 


another proof of Shell leadership in lubrication 
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SUB-ACUTE and Chronic dermatoses 


TAR + HYDROCORTISONE 


combined in 


COR TIN 


CREA 


have pronounced advantages over either medicament alone 


The established germicidal, stimulating and anti-pruritic properties of tar, 


in the treatment of sub-acute and refractory skin affections, 


can 


now be considerably enhanced by its incorporation with hydrocortisone. 
*Clinical trials have shown that the two medicaments together 
exert a powerful synergistic action that is far more rapid, 


more pronounced and complete than the action of either alone. 


These 


two valuable therapeutic agents are presented in a non-greasy, stainless, 


hydrophilic cream, known as TARCORTIN. 


TARCORTIN CREAM 

is supplied in 7 grm. and 15 grm. tubes, 
containing 0.5% Hydrocortisone in 

a special coal-tar extract. 

*Literature available 


on request. 


STAFFORD-MILLER LIMITED - HATFIELD .- 
Manufacturing Chemists 
By arrangement with Reed & Carnrick, Jersey City, U.S.A. (Est. 1860) 


HERTS 
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Not this.... 


Personnel should be urged never 
to neglect minor cuts or abrasions. 
Immediate attendance at the first 
aid centre can avoid the secondary 
infection that so frequently leads 
to lost time. Among canteen 
staff particularly, immediate 
dressing of small wounds is vital, 
to prevent ingress and egress 

of infective organisms. 


but this! | 


FIRST AID 
| CENTRE | 


DALMAS WATERPROOF 
DRESSINGS 
Doctor’s Cabinet 


DALMAS FIRST AID 


Samples and literature from 


DALMAS LTD. Dept. I.M., Junior Street, LEICESTER 
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CERUMOL 


Regd TRADE MARK 
Adjusted Formula 


for the easy removal of 
ear wax 


Since some sensitive individuals occasionally complain of 
a mild smarting in the ear when Cerumol is used, a slight 
adjustment has been made to the formula and base. 


The formula is now as follows:— 
Active constituents per 100 mil. 


The efficacy of the product is unchanged but the possibility p-dichlorobenzene B.P.C. .o 
of producing any unpleasant sensation has been eliminated. Benzocaine B.P. 2.7 G. 
Cc hlorbutol B.P. 5.0 G 

Pack for surgery use:- 10 ml. Vial— Ol. Terebinth B.P. 10 mil. 


separate dropper included—Basic 


N.H.S. Cost 2/8d. if vou would like to test this 


slightly adjusted formula please 


Pack for hospital use:- 2 oz. bottles. write or telephone us for a sample. 


MONPHYTOL 


Regd TRADE MARK 


CHRONIC PARONYCHIA and ATHLETE’S FOOT 


A volatile colourless paint, easily applied in a weekly 
routine, effectively eradicates dormant fungi and prevents 
re-infection. 

Monilial paronychia, normally an intractable condition, 
also responds with immediate symptomatic relief and rapid 
healing. 

Monphytol is indicated in yeast and fungal infections 
both for treatment and prophylaxis and is free from 
sensitization. 


Active constituents per 100 ml.: Boric Acid B.P. 2 G.; Chlorbutol B.P. 3 G.; 
B.P. 18 c.c.; Salicylic Acid B.P. 12 G.; Undecylenic Acid 
LP. 5.5 cc. 


N.H.S. Price per bottle, with brush, 3/5d. 
Prescribable on Form E.C.10. Sample on request. 


LABORATORIES FOR APPLIED BIOLOGY LTD. 
91 Amhurst Park, London, N.16. Telephone: STAmford Hill 2252/3 
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Ph. 19 


1.C.l. Barrier Cream (ci 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - PHARMACEUTICALS DIVISION - WILMSLOW 


Dermatitis 


1.C.1.designedthisbarriercream 
as an effective safeguard 


I.C.1. Barrier Cream gives better skin protection —it 
is extensively used in I.C.I.’s own factories. 


* An effective safeguard against industrial 
dermatitis. 


* Gives equal protection in wet or dry work. 


* Protects the hands from staining and ingrained 
dirt. 


%* Hands are cleaned more easily after work. 
In containers of slb. 


For further information and literature, please write to 
your nearest I.C.I. Sales Office, or direct to Wilmslow. 


Special quantity rates are available. 


+ CHESHIRE 


Thee? 


*MORE CORN FROM 
FINSBURY SQUARE ? 


‘“* Now, now .. . a little more respect from 
you, my lad — that was one of the old masters 
of our early advertising (Hassell, circa 1912). 
And what’s more, we’re still first past the 
post with our products . . . Sternocleanse 
Barrier Cream always wins hands down!” 


STERNOCLEANSE BARRIER CREAM 


STERNOL LTD., ROYAL LONDON HOUSE, FINSBURY 
SQUARE, LONDON E.C.2. TELEPHONE: MONarch 3871-5 
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10 unknown diabetics in every GP’s care... 


The diabetic population of Great Britain numbers almost 
$00,000 — yet only about half of them are known and under 
treatment. Statistically this means that every general practitioner 
has more than ten undetected diabetics in his care. 

These unknown diabetics are at risk. Many already show retinal 
changes and other vascular abnormalities at the time of diagnosis 
These changes are often irreversible : their prognosis could only 
be improved by early diagnosis and treatment of diabetes. 
CLINISTIX* is the best aid to the diagnosis of diabetes. This simple 
dip-and-read test is specific for glucose: it takes only a few 
seconds, and has the correct sensitivity for significant results. 
Every patient whose urine is positive to CLINISTIx should be 
regarded as a potential diabetic. 


to detect diabetes 
simply dip-and-read 
Clinistix 


CLINISTIX Reagent Strips are available in bottles of 60 strips. 
U.K. Retail Price 6/-, less professional discount. From all chemists 


Ames Company Division of Miles Laboratories Limited 
Nuffield House Piccadilly London W 1 


*Trade Mark 
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*A significant reduction in 
healing time for 


*In a recent clinical trial in a casualty 
department, 75 cases of burns treated 
with this dressing healed significantly 
more rapidly than a control series of 
75 cases treated with ordinary paraffin 
tulle. (Brit. J. Plastic Surgery, Octo- 
ber 1959, 12, 238). Viacutan Tulle has 
shown similar advantages over con- 
ventional dressings in cases of leg 
ulceration, pressure sores and un- 
stitched lacerations. 


The dressing consists of cotton tulle impregnated 
with a water-soluble, non-greasy polyethylene glycol 
mass, and containing silver dinaphthylmethane 
disulphonate (Viacutan). Urea hydrogen peroxide is 
added as an oxidizing agent. 


Packed in boxes of 
50 pieces 


Further information and samples on request. 


WARD, BLENKINSOP & CO. LTD. 


37 QUEEN SQUARE, W.C.1 


Does not stick fast to the lesion. 
Dries up exudate. 
Eliminates infection. 


Telephone: HOLborn 5992/6 (5 lines). Telegrams: Duochem, Westcent, London. 
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INDUSTRIAL | DIPLOMAIN 
INDUSTRIAL HEALTH 
SOCKETY OF APOTHECARIES 
to hands & skin cath LONDON” 


Adequate protection is ensured by using of tendon 


medical titioners, members 
quickly and completely. itis notaharsh of and 
assists the naturathealing processesand {| Papers, Orel and Clinical — ie held in July 
extends its protective effect for many pis yer sent 
hours. Saroul is a positive safeguard {| . “160. 


SAROUL Antiseptic Hand Cleanser is made by | 


Sandeman Brothers Ltd.. 


BILSLAND DRIVE MARYHILL GLASGOW 


= J. & A. CHURCHILL LTD. = 


A New Book 
INDUSTRIAL PULMONARY DISEASES 


A Symposium edited by 
E. J. KING, Ph.D., D.Sc., and 
C. M. FLETCHER, C.B.E., M.D., F.R.CP. 


industrial pulmonary disease encountered in Great Britain 


-Dermatitis accounts 
for over 
of lost ‘man hours’ 


The Annual Report of the Chief Inspector of | 
Factories shows that dermatitis accounts for 


98 Illustrations | 328... more than half the time lost because of occu- 
pational disease by those in insurable employ- __ 
THE PRACTICE OF ment. Yet dermatitis can be controlled by using 


INDUSTRIAL MEDICINE - 


By T. A. LLOYD DAVIES, M.D., RCP) 


the appropriate Rozalex Barrier Cream for the 
work involved. These barrier creams have been 
accepted as the standard preparations for over 


Second Edition 15 Illustrations. 30s. 25 years by those concerned with oceupationa! 
— ae pres health. The severity of the skin risk varies with 
Forthcoming New Book the trade, but in all occupations there is a need 


PNEUMOCONIOSIS | 


for protection and cleanliness. Full technical — 
resources are available on request to Rozaiex 


An ‘wecarontidaill Symposium convened by the Lid., 10 Norfolk Street, Manchester 2." 
South African Council for Scientific and Industrial 
Research Protect hands with .— 
Edited by A. J. CB.E., ROZALEX 
150 Illustrations Ready Sept, 1960 BARRIER ‘CREAMS 
: 


104, GLOUCESTER PLACE, LONDON, W.1 
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“A significant reduction in 
healing time for 


VIACUTAN 


*In a recent clint trial Does not stick tot es 
lepartment. 75 casey of burns treated 2 Dries up exudate 
sith this) dressing significant blu 
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WARD, BLENKINSOP & CO. LTD. 
37 QUEEN SQUARE, W.C.1 
phone. HOLborn $992 6 (8 lines). Telegrams: Duochem, Westcent. London 
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INDUSTRIAL DIPLOMA IN 
INDUSTRIAL HEALTH 
of the 
SOCIETY OF APOTHECARIES 
protection OF LONDON 


to hands & skin 


Adequate protection is ensured by using 
Saroul after work—it is scientifically 
compounded to remove grime and dirt 
quickly and completely. It is not a harsh 
antiseptic but a cleansing agent which 
assists the natural healing processes and 
extends its protective effect for many 
hours. Saroul is a positive safeguard 
against industrial dermatitis. 


Testing samples and literature free on request to Dept. BS. 
SAROUL Antiseptic Hand Cleanser is made by 


Sandeman Brothers Ltd. 


BILSLAND DRIVE - MARYHILL - GLASGOW 


The Society of Apothecaries of London, 
conscious of the paramount importance of 
an efficient health service in Industry, has 
instituted this Diploma in Industrial Heaith, 
which is of a very high standard and is open 
to registered medical practitioners, members 
of H.M. Services, and others, such as Examin- 
ing Surgeons, etc. 

The i ti hich of three 
Papers, Oral and Clinical — is held in July 
and December. 


oe Examination begins on July 11th, 


Regulations and Forms of Application for 
Admission to the Examinations may be 
obtained from 


The Registrar, 
SOCIETY OF APOTHECARIES OF LONDON 


BLACK FRIARS LANE, E.C.4 


J. & A. CHURCHILL LTD. = 


A New Book Just Ready 


INDUSTRIAL PULMONARY DISEASES 


A Symposium edited by 


E. J. KING, Ph.D., D.Se., F.R.ILC. and 
C. M. FLETCHER, C.B.E., M.D., F.R.C.P. 

An illustrated record of a meeting held at the Postgraduate Medical 
School of London presenting an integrated and comprehensive review of 
industrial pulmonary disease encountered in Great Britain 
98 Iilustrations 32s. 
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Dermatitis accounts 
for over 50% 


of lost ‘man hours’ 


The Annual Report of the Chief Inspector of 
Factories shows that dermatitis accounts for 
more than half the time lost because of occu- 
pational disease by those in insurable employ- 
ment. Yet dermatitis can be controlled by using 
the appropriate Rozalex Barrier Cream for the 
work involved. These barrier creams have been 
accepted as the standard preparations for over 
25 years by those concerned with occupational 
health. The severity of the skin risk varies with 
the trade, but in all occupations there is a need 
for protection and cleanliness. Full technical 
resources are available on request to Rozalex 
Ltd., 10 Norfolk Street, Manchester 2. 
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reducing 
absenteeism 
among 
young women 


in industry 


The fact that spasmodic dysmenorrhoea ranks as an important socio-economic 
problem! will not surprise the Industrial Medical Officer. Neither will the 
incidence of absenteeism — regarded as routine by many sufferers.1 Buscopan 
presents the Industrial Medical Officer with an original and highly effective 
treatment for this condition. A treatment, moreover which allows the patient to 
remain at her employment without discomfort and with her faculties unimpaired. 
Buscopan is mot symptomatic treatment, it is a rational, specific therapy. It is, 
in fact, the only drug of its type that acts directly on the parasympathetic 
innervation of the uterus, relieving spasm of the uterine muscle swiftly and with 
a virtual absence of side-effects. Buscopan is excellently tolerated, has no effect 
on the higher centres and alleviates the condition of spasmodic dysmenorrhoea 
smoothly and quickly. 

1 (1957) Practitioner 178, 320 


BUSCOPAN 


Hyoscine-N-Butyloromide 
for spasmodic dysmenorrhoea 


Manufactured and distributed in the U.K. by Pfizer Ltd., 
Folkestone, Kent for 


Cc. H. BOEHRINGER SOHN, INGELHEIM am RHEIN 
Registered proprietors of the Trade Mark. *Regd. Trade Mark. 
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